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THE FOBTBUBY AND CLAPTON BI8TBIGT.

By Trof. C. LL0Y15 MORGAN, P.G.S., Assoc. R.S.M.

CONTENTS.
1.— Introduction.

2.—The Physical Features of tlio Pistrict.

y.—The Geological Structure of the District.

4.—The Connection between Scenery and Structure.

5.—The Greater Clapton Fault.
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V.^Conclusion.

1 .

—

Introduction.

IN a provious jiapcr (" Sub-aerial Denudation and the

Avon Gorge," Proo. B.N.S. vol. iv., pt. iii., p. 171), I re-

corded my intention of endeavouring to investigate in some
detail tlio influence of geological structure on tlio scenery of

tlie Avon Basin, and at tlie same time of contributing some-

wJiat towards tlio vorifioation of the recognised geological

"lii]) of tliis area. 1 tlien proceeded to consider the section

of country on botli banks of the Avon, to tl>o N.W. of the

city of Bristol, tlu' map appended cxieuiling a little to the
1
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W. of St. George's, Easton. Jn tlic pi-o.sont contribution I

propose to consider the country somcwliat f'artlicr west, in

tlio district of Portbury and Clapton.

Headers of my former paper will I'emcmbor that N. of tlio

limestone ridge of Leig'h Downs, tlicro runs a depression in

the softer Lower Liniostouo Shales, which, with the slopes

of the adjoining limestone, is tlie collecting ground of the

head waters of the' Somersetshire tributaries of the Avon.

Those tributaries cat notch-like ravines in the Failands ridge

of hard conglomeratic Old Red Sandstone, and these them-

selves I'eceive minor tributaries in the more open countiy,

duo to the incoming of the softer sandy beds of the Ohl

Red Sandstone, after which they again enter small gorges of

greater or less length, cut in the liai'der and more resisting

Dolomitic Conglomerate, on emerging from which they fall

into the Avon, or (in the case of the Easton brook) enter on

alluvial ground. The general conclusion arrived at was

that the Failands ridge and the rising ground occupied by

the Dolomitic Conglomerate are outstanding features which

have resisted the sandpaper action of the general or snpei'-

ficial denudation of rain and frost, but which have been cut

into by the file-like action of the special or linear denudation

of the streams. For it is as charactoi'istic of general denuda-

tion, tliat it acts un(!(]ually on I'ocks of different jiowers of

resistance, as it is characteristic of linear denudation that

its stream-cut notch is as deep in hard as in soft rocks, since

for a river to cut deeper into the softer than into the harder

strata would nocessitatu its running uphill to get over the

harder ridge.

2.

—

The Thysical Features of the District.

On the southern border of the area we are now to consitlor

runs the elevated ridge which joins Clevcdon and Clifton.
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Along' its iiortlioj-n border in low ground, but slightly raised

above the sea level. Down the northerly slope which sepa-

rates these two run several streams. To the E. is the

Easton brook, mentioned in my former paper; then follow

tlu) Portbury brook, Charlton brook, and Caswell brook

;

while to the W. is the Clapton brook.* But the slope down

which these streams flow is by no means uniform, nor are

the valleys io which tliey run of similar character through-

out their course.

If the reader will take train to Portbury, and then ascend

Conygar Hill, which lies just ^. of the Priory, lie will find

that he stands in an ancient camp on a detached portion of

an irregular ridge running roughly speaking E. and W. On
either side of the hill the ridge is broken by the Portbury

brook to the I'l., and the Charlton brook to the W. The

fidgo moreover sends out strongs purs southwards. Imme-

diately to the E. of Conygar Hill is a spur, beyond which

the ridge is slightly notched by au old stream-course long

ago deserted. Farther E. is the still bolder spur of St.

George's Hill, beyond wliich is the Easton brook, bounded

still farther ]<]. by a still bolder spur. To the W. a wooded

spur bounds the left bank of the Charlton brook.

South of the irregular ridge on. which lie stands, which we
may call the Portbury I'idgo, lies an open valley, in which

I'un the Poi-tbury a,nd Charlton brooks, the watershed or

divide between which, is very low, as is also, but not so low,

the divide between the Poi-tbury and Easton brooks.

Io the S. of this 0])en valley is a second irregular ridge,

on which to the extreme E. stands the newly built Failands

'-church, near the source of the Easton brook, and in which,

' (;iv(! th(!Kc names for convrnioiico ol rci'crcncc. 'i'l)<-'y nro not
"aiucd on Uiu Orauancii aui'vcy ma];!.
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nearly due S. of ('onygar Hill, tlic l.^oi'i.bury brook oufs a

well-marked notch l)etwceii Windmill Hill on the B. and

tho hli'cli woods of the Charlton estate on the W. ; while yet

farther W. the Charlton brook ciita a second lujtch, less coii-

spicuous from this point of view, but well-marked when the

stream is followed np to this point of its course. To the W.
of this stream the Failands and Poi'tbury ridges coalesce in

Priors Wood.

Lot the observer now follow up tho Portbury bi-ook,

taking tho road to the E. of Oonygar Hill, and turning to

tho right where it bifurcates. In a quarter of a mile or less

tho brook passes under tho road, having been here diverted

to the W., that a fall of water might be obtained for driving

Portbury Mill, wliich stands at the foot of Conygar Hill.

Above this point the road follows tho course of the stream,

entering and passing through tho wooded combe before

mentioned, towards the upper end of which water for tho

supply of Portishead is taken from the brook. A side i-cnul

to the right, leading up to a farm (Lower Combe), runs in a

line of depression recently occupied by a tributary streamlet,

but now dry. l<'ollowed uj), this old streani-C(nirse leads us

into the broad and open depression which lies to the S. of

Charlton House. Returning to tlie main streamlet, we find

that somewhat farther up the road the valley opens out,

especially to tho left, where a well-marked lino of depression

runs in a S.K. direction. The depression to the N.W. is less

marked. After this the road follows the now insignificant

stream to its source in a spring at tlui foot of the main

lidge, which lies to the S. of our area. Although the stream

course hero ceases, the lino of depression is carried on by a,

combe, near which tho road runs. This runs for a few hun-

dred yards in a southerly direction, a,Tid tlum turns off sluirp

to the W., and leads into a basin-like depression near Upper

Charlton Fai'm.
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So that the Portbnry brook, rising in the KOnthorn ridge

(part of that which runs from Clifton to Clevedon), crosses

a lino of depression, cuts through a belt of high ground

(continuous with the Failands ridge mentioned in my pre-

vious paper), enters and flows through the open country S.

of Conygar Hill, cuts a notch in the Portbury ridge to the

K. of tliat lull, and then escapes into the alluvial flats.

The streams on either side of it, the Baston brook and the

(Charlton brook, differ in that they rise in the second or

Kailands ridge, the latter cutting a deep combe in the ridgo.

The Caswell brook rises near Moat House Farm, in the

(Jlifton-Clevedon ridge. It too, like the Portbury brook,

soon crosses a line of depression, wliero it receives tribu-

taries larger and more important than itself. It then enters

liullock's ]3ottom, the beginning of a long stream-cut combe,

from which, it emerges near Caswell Cross cottages. In this

combe, however, one misses the o[)en space which, in the

<'ase of the Portbury brook, sej)arates the upper notch in

tlie Pailands ridge fi'om the lower notch in the Portbury

I'idge
; for the Failands and Portbury ridges here coalesce.

'I'o sum up then the features of the Portbury district

:

'J'o tho S. lies the Clifton-Clovedon 1-idge, in which rise the

Portbury and Caswell Brooks ; N. of this is a narrow line of

depression
; farther N. is a ridge of irregular width, which

is notched by tho Portbury and Caswell Brooks, and in

which rise the Easton and Charlton Brooks ; still further K.

is tho open valley, over which the Camj) on Conygar Hill

keeps guard, and which narrows and ceases to the W., owing

to tho coalescence of the two ridges that bound it. Along its

northern border is the irregular Portbury ridge, notched by

iiH lour brooks ; beyond which again to tho N. is the low

ground stretching to the Severn.

In tho adjoining district of Clapton tlui physical features
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are somowhah different. The lino of depression K. of the

Clifton-Clevedon ridge extends a little to the W. of Naish

House, bat beyond this has no existence. N. of this depres-

sion the country slopes tolerably uniformly down to the

low-lying alluvial ground. The Clapton brook i-ises to the

extreme W. of the depression, near Naish House, and then

flows in a wooded combe to more open country, where it

receives small tributaries on either side before reaching the

alluvium of the moor.

But perhaps tlie most noticeable features in tJio western

part of the Clapton district are the rounded, often tree-

covered, bosses on the slope. One of these is seen just to .

the N. of the village ; another to the left-hand side of the

road leading to the church, and a third above Court Farm.
Altogethoir, the physical features of the neighbourhood

of Clapton differ somewhat markedly from those of the

Portbmy and Faihinds districts which lies fa,rthor E.

3-

—

The Qeoloijic.al Structure of the District.

It requires but little acquaintance wil^h the rocks of the

neighbourhood of Bristol to enable the observer to ascertain

that Conygar Hi]] is composed of Dolomitic Conglomerate.

The beds are shown in natural outcrop on the hill, and are

well exposed in the large quarry on its W. sid(\ Tlioy are

seen to dip gently towards the Severn. The size of the

fragments is variable, being largest in the lower part of the

S. end of the quarry, where they are perhaps not far from
their junction with the Old Eed Sandstone. From this,

point they diminish in size : (I) as we rise into overlying

beds
; (2) a,K wo pass northwiirds (which was in Triassic

times, seawards or lakewards). 'I'he large included frag-

ments are angular, or but little rounded, and many of them
derived from the Mountain Limestone, some from the Old
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lied, wliile I have detected a few fragments of the Bryozoa

Bed of the Lower Limestone Shales. It is difficult to under-

.stand how this deposit, containing so largo and such mixed

fragments, angular or but little rounded, and many of them

from some little distance, embedded moreover in a matrix

which also contains smaller also snb-angulai' fragments, could

have boon formcnl except by the .agency of ico.

Tho hill is entii-ely composed of Dolomitio Conglomer.ato

;

.and it is unfortunate that on Mi'. Sanders' map tho name

Gonygar Hill is printed, not on the hill itself, but on tho

Old Hod Sandstone which lies to the S. The whole of this

irregular ridge, of which this hill forms a fragment separated

by the notches cut by tho Portbury aiid Charlton brooks,

is oompos(!(l of this resisting rock, a belt of softer low-lying

Triassic Marls forming a band between this rock and the

alluvium of tho fl.ats.

The open country S. of Conygar Hill is composed of soft

sandy beds of Old lied Sandstone, the loose and friable

nature of which is well seen at the points marked a and h on

tlic map. The upper beds of Old Red Sandstone, the out-

cro|i of wliicli is farther ISf., are, in fact, conglomeratic, and

lor the most pai't harder and of greater resisting power. It

is those upper bods which give rise to the ridge through

which the Portbury brook cuts the wooded combe to the

W. of Windmill Hill. Tho line of depression to the K. of

this ridgo marks the outcrop of the Lower Limestone Shales,

but the now dry tributary which once flowed through Lower

Combe, cut across tho Old lied Sandstone, as sliowu by tho

dotted lines on the map.

Lot mo here turn aside for a paragraph to note n, matter

or detail, but one of sonio little importance.

The student of our local geology should not fail to mako
liimsolf acquainted with one of the most chai-acteristic beils
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of the Lower Limostono Shales, tlie Bryozoa Tied. Tt m.-irks

a definito horizon in this series, and in the Avon section will

be found in the cutting below Cook's Folly, about 120 feet

above that quartzose conglomerate of the Old Red Sandstone

•which Mr. Stoddart takes as 33 feet below the base of the

Lower Limestone Shales. It is, therefore, about 90 feet

from the base of the Shales. It is a coarse reddish Lime-

stone, in which arc cmbeddod cnofmoris numbers of frn-g-

ments of Poljzoa, Encrinital fragments, and other organic

remains, composed of deep rod oxide of iron. On treating

the rock with dilute hydrochloric acid, tlie calcareous matter

dissolves, and these polyzoan and other fragments remain

behind as an insoluble residue. I have been able to detect

this bod at two places in the area under consideration—at

the point marked c in the road opposite Racecourse Farm,

and at the point marked d in a quarry to the E. of Charlton

House.

North of the line of depression caused by the Tjowor Ijinie-

stoue Shales is the Clifton-Clcvedon ridge of solid Mountain

Jjimestone. Tlie average dip of the beds is here about 25°

S.S.B. But near the Upper C!harlton Fa,rm the beds are

nearly vertical, with an Vu find W. strike. 'iMie rock ha.s

lieen quarried here for lime, and the beds exposed (at, c on

the map) very closely resemble those at the foot of the

gully near the Soa-wa,Il ; so thai, the line of depression here

may bo duo to the incoming of the beds that in my previous

paper {Awn Qorgc, p. 190) I called the Middle Limestone

iSliaies. The high dip must be duo to a, lo<;al roll or disloca-

tion of the sti'atii.

Setting aside such loca-l disturba,nces, tlu! general direction

and angle of dip of the Palasozoic beds. Old Red Sandstone,

Ijower Limestone Shales, and Mountain Lluicsloni', Is fi-om

15" to 30° S.S.iO., the Dolomitic Congloiuei-alo a-nd 'I'l'iassic
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marls lying on ilie tipturncd edgos of tlio lower beds of ilio

Old Red Sandstone.

The junction of the two series is well seen at the point

marked / on the map, whore the l<]aston JJrook lias cut

down through the ],)olomitic Conglomerate into the Old

lied Sandstone. The Dolomitic Conglomerate is hero of the

characteristic largely-fragmental texture. The junction

may also Ix; seen under different conditions at the point

marked g, where the new road just constructed on the

Charlton estate joins the older and steeper road. Here the

somewhat decomposed Dolomitic Conglomerate reposes on

the upturned edges of the ancient gravel beds of the Old

lied Sandstone. These ancient gravel beds are well seen in

a quarry about 100 yards farther along the road towai-ds

Charlton House. They resemble those exposed on the sliore

line of the Portbury-Clevedon ridge, W. of Woodhill ]3ay.

A better example of a consolidated gravel of ancient date

could sca,rcoly be f(3un.d.

The reason for the coalescence of the Portbury and

Failands ridges is now evident. The Dolonritic Conglomer-

ate which forms the former hero lies on the harder beds of

the Old Red Sandstone which give rise to the latter. The

softer beds have not been exposed to the modern processes

of denudation. It was, indeed, eaten into by pre-Mesozoic

denudation; but over the eroded edges the Dolomitic Con-

glomerate was deposited. The Dolomitic Conglomerate ridge

marks the old shore line of the Triassic sea or lake. At
Coiiyo-,u- Hill the softer Old Red beds had probably not

boon so far denuded ; and over them no protecting layer of

Dolomitic Conglomerate was laid down. But farther W.
the pre-Moso/.oic waves had planed down the lower and

softer beds, and played upon the harder ridge, against

which the Dolomitic Conglomerate was thus deposited.
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Somewhat west of the Charlton brook, LeJs of a vci-y

different character make their appearance. N. of the Lower

Limestone Shales, near Naish House, we find, instead of

Old Red Sandstone, Coal Measures. Farther W". the Coal

Measures seem to bo in contact with Mountain Limestone

;

the band of Lower Limestone Shales ending off as shown

(HI the map.

The nature of the Coal Measures (the dip of which varies

both in direction and angle, though the general tendency is

W.N'.W.) will be gathered from the following section from

g near Coui't Farm :

—

Soil and Now Ue.il Sandstone . . .10 foot

Dolomitio Conglomerate 11 „

Pennant .... 114 ,,

Bed of Marl, with Water 1 „

Pennant .... 20 „

Clay, with 10 inches of Coal . <i .,

Shales (iO „

Pennant .... 2'20 ,,

Shales 5 .,

Pennant . . . , 63 „

510 „

Anstie (Coal Fields of OloucestersJdre and Somersetshire, p. 5.")),

from whom I quote this section, remarks :
" This shows a

thickness of Pcrmant Grit nearly if not quite as great as

that at Nailsoa, and hence it is possible that the lower coals

may be at no great depth below."

Finally, the rounded bosses on the slope of the Clapton

district disclose themselves on examination to be Moimtain

Limestone, of which oni- survey memoir says :
" Around

Clapton-in-Gordano are several patches of (Jarboniferous

Limestone occurring in the midst of the Coal Measures,

positions which it scenm difficult to account for" (p. 21).
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4.

—

The Gonncctinn hehveon Scenery and Btruciure.

Thoro is to my mind no donbt that tlie scenery of the

district is the direct product of the action of denudation.

The streams, with their file-like action, hn,ve cut down

Viilloy-notchos to the same depths in harder and softer

rocks ; but tlie general or superficial denudation, due to

rain, frost, and weather, which I before likened to the

action of sandpaper, has broadened oi.it the valleys and

lowered the water-sheds where the strata are soft, and has

left the harder materials outstanding as ridges, notched hero

and there by the brook-files.

Taking the Portbury district, the striita stand as follows

with regard to their resistance to the action of superficial

denudation :

—

Moimtiiin Limestone . , resi&tinfj.

Lower Limestone Sliales . yielding.

Upper Old Red Sandstone . . resisting.

Lower ,, ,, . . . yielding.

Dolomitic Conglomerate . resisting.

Trias Marls . yielding.

And throughout the district the yielding beds ai'e low-lying

or occupy depressions, while the more resisting beds stand

out as ridges.

A.S we shall see in the next section, a groat fault separates

the Coal Measui-es of tlie Clapton District from the Old Red

Sandstone of tlio Portbury district. One might well suppose

tliat a fault with a throw of some thousands of feet would

have left a well-defined mark on the scenery of the area;

but it is not so. A change of scenery is indeed produced

;

l>ut this is due to the fact that beds of different power and

mode of i-osistanco are introduced. It is a iu)teworthy fact

that the exact line of fault between Coal Measures and Old

Red Sandstone has to be somewhat arbitrarily filled in on
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the map, tlio only indication of its ])robable position on the

surface being a line of depression above a spring a little to

the west of Caswell Farm, together with that affoi'ded by

small springs and damp ground; and this notwithstanding

the fact that a difference of geological level of some thou-

sands of feet has been brought about by the fault.

The rounded knobs of Mountain Limestone in the midst

of the Clapton Coal Measures stand out by reason of their

resisting power. They are, I believe, isolated fragments of

a once continuous limestone sheet.

6.

—

The Greater Clapton FauU.

The introduction of Coal Measures in thci Clapl-OTi district

can only bo explained by a groat fault which runs just to

the N. of the Clifton-Clevedon ridge in a W.S.W. and E.N.E.

direction. About a quarter of a mile E. of Naish ]Iouso, it

is either met nearly at right angles by another fault rnnniiig

nearly N. and S., or more probably here makes a shai'p

curve northwai'ds. Nowhere, however, so fai' as I know, can

the actual junction of the faulted rocks be seen.

In a plan and section of the Clapton Coal Field by Mr.

David Llewellin, kindly forwarded me by Mr. Davis, of

Portishcad, this fault is very imperfectly indicated wii;h a

til row of not more than two or three hundred feet. In

another point, too, the diagram is unsatisfactory, and, I

think, misleading. It shows the Carboniferous Limestone

at a short distance (TjO or fiO yards) bcvlow the coal seams,

of which two arc marked ; this gives what I believe to be

a very erroneous impression. There can scarcely be a doubt

that beneath the Pennant beds in which the boring was

cari'icd, there lies the whole series of loiuer Coal Measures,

probably of a thickness of from 12 to 15 hundred feet.

Let us try and estimate the throw of the fault. At tht;



Cle-vcdorv Ri3.a&

Clapton. ClaptanMoan
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JriaJsCc and cUluvuxL TjecLs CTniZtai,)





OEOr.OGY OF TtlH AVON BASIN. 13

point in.irkod li on the map, Coal ]\ioasurcs, presumably

Pennant Sandstone, ai-o thi'own into juxtaposition with Old

Red Sandstone. Taking the dip of the beds (about 20°

S.S.R.) into consideration, the beds oC the Old Red Sand-

stone at this point are certainly not less than 700 feet from

the top of that series. Supposing that wo have here tho

lowermost beds of tho Pennant brought down to tho level

of tlieso Old Red beds, then wc have intermediate to tiiese

two

—

Lower Coal Measures . . 1500 foot

Millstone Grit . . 500 „

Upper Limestone Shales . 500 „

Mountain Limoatono . . 1500 „

Lower Limestone Shales . 300 „

Old lied Sandstone . 700 ,,

5000 „

It is possible, however, tliat tlic Millstone Grit is not

de\relo])ed here. It is said not to bo developed at Tieken-

ham, on the Nailsea side of the Clifton-Clevedon ridge,

and it is not mapped by the Survey or Mr. Sanders near

Clevedon, where we should expect it to occur. Striking

out this 500 feet, therefore, and striking out another 500

foet for not impossible thinning of some of tho other beds,

wo still have 4000 feet separating the beds to the W. of h

fi-om tho beds to tho lil. of that point.

In another way tho magTiitudo of the displacement may
be seen and a rough estimate of its amount may be made,

riio Mountain Limestone being here thrown down far be-

neath tho surface of the ground, and the beds dipping to

the S.S.E., this rock should emerge to the N.N. W. And
m the Portishead-Clevedon ridge we see that it actually

does so. Now the emergence of the point of junction of tho

Lower Limestone Shales and the Old Red Sandstone is dis-
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taut 2); iiiilcR, or say 12,()()() foot N. N. W. from fho Cliftoii-

Clcvedon ridge at the point where the fault curves off to the

N. The average angle of dip may be taken at 20°. With

these data, viz., the distance and the angle of dip, wo can

estimate approximately the amount of vertical displacomoiit

of the strata. It is 4,104 foot; and since the average angle

of dip is probably greater than 20°, wo may, I think, take

4,000 foot as a minimnm estimate of the tlirow of the fault

at the eastern end. At the same time 1 should mention that

the state of disturbance of the strata in the neighboiirliood

of Portishead leads me to place very li(t,lo reliance on this

mode of estimating the amount of vertical displacement.

As we pass westwards towards Clevedon, the throw

becomes less and less. Tliis is clearly seen by the gradual

approximation of the Portlshcad-CIovedon lidge and the

Clifton- Clevedon ridge. At Clevedon the two ridges moot;

the fault has so nearly died out westwards as not to bo

sullicient in amount to soj)arato limestone from limostono.

6.

—

l%o Lesser Clapton Fault.

The existence of bosses of Mountain Limostono in the

midst of the Coal Measures at Clapton is at first sight not

a little strange and puzzling. I make use of the ()-inoh.

ordnance map on which to note my detailed geological

observations ; and I find that my " M. L. 2r)°S.W.," record-

ing an observed dip of Mountain Jjimestone, is wedged

tolerably closely in between two notes, "Old Shaft (Coal),"

printed on the map. So, too, in the I'oad loading h'om

Clapton to Clapton Church, there is cleai- evidence of coa,l in

the bank ; while at a higher level, and within (30 yards, is

Mountain Limestone quietly dipping at a gentle angle (14°)

towards the moor !

Puzzling', hovvevof, as this Mountain Limestone in the
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midst of or restiing on Coal Measures at first sight appeal's,

it may, I think, bo 'explained.

My hypothesis is, that subsequent to the Greater Clapton

Fault there occurred a minor flat-lying fault, with a down

throw towards the present valley, that is N. N. W. l?y this

means, as shown in the diagrammatic section, Fig. 1, Moun-

tain Limestone wa,s shifted downwards and northwards in

such a way as to come to overlie the Coal Measures brought

dt>wn by the greater fault. The somewhat variable dip of

the faulted limestone is only to bo expected in the neigh-

bourhood of such a dislocation. Of the mass of limestone

thus faulted down, only isolated patches now remain—de-

tached fragments separated from each other by subsequent

denudation.

7.

—

Gonclusicm.

I venture to thinlc that the facts brouglit forward in this

paper will servo to confirm tliat wliicli it is ojie of my
objects to enforce—that the chai'acter of our scenery is

determined by the geological structure of the beautiful

country that surrounds us. It is my part, as geologist, to

poiut out how what I may tei'm the naked scenery—the

Scenery unclothed 'with the rich vesture of vegetation—is

duo to the action of the forces of denudation. But when
niy task is done, that of tho botanist (and the pages of our

I'roceodings show that wo have good botanists among us)

begins. He completes the work that we of tho geological

section begin. lie shows how tlie rich green vesture, no

less than the bare surface that it so beautifully invests, is

determined by the nature of the soil, tho character of which
IS m turn the direct outcome of tho cliaractei' of the strata

that give rise to it. And since the disti'ibution of animal
liio is to a very hirgo extent determined by the distrlbutiou
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of vegetal life, this too is ultimately determined in no

slight degree by geologieal structure.

Not to go beyond the bare elements of scenery, however,

with which ahino 1 am hero directly concerned, lot mo

remind the observer of this fact, that the physical features

of our district are partly produced, and 'partly reproduced, by

the denudation at present in progress. The Clifton-Clcvedon

ridge, the Portishead-Clevedon ridge, like the " Westbury

Horseshoe," Backwell Down, and tlie Mendips, are old

scenic features which wei'e in existence, perhaps more

markedly than now, in pre-Mesozoic times. Upon the

upturned and denuded edges of the strata of which they

are formed were laid down the Dolomitic Conglomerate,

Trias marl. Lias, and Oolitic rocks. It has been the work

of latter-day denudation to remove to a very largo extent

this thick Mesozoio cover, and having done so to proceed to

I'ofashion and carve afresh the old features produced by the

pre-Mesozoic denudation. How far such physical features

as the Lower Limestone Shales depression and the soft and

open valleys of the lower beds of Old Red Sandstone are the

product of modern denudation, or the survival of the de-

nudation of a by-gono ago, it is impossible to say foi' certain.

But it is my own belief that these features are modern modi-

fications of the old rough-hewn model, and a,rc, in their

present form, the outcome of the sandpaper action of modern

frost and rain, and the file-like action of the present brooks

and streams.
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ON Till!] GEOLOGY OF I'OETISUEAD.
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3.—Flexures and Faults.

4.—Conclusion.

1 .

—

Introduction.

rpiQ tko.so -yvlio would understand tlio scenery of our neigli-

-*- bourhood, and would trace its conncctien witli tlio

poologiciil structure wLicli. underlies it, Portisliead is a

locality of interest. Little lias been written, however, on

tlio geology of Portisliead. In Buckland and Conybcare's

elasHi(;al Observations on ihu South-western Goal District of

England (Trans. Goal. Soc, 2iid series, vol. i., p. 210) tlio

district is incidentally considered, and views are put forward

to which attention will be drawn in the sequel. In Sir

Henry de la Beclie's Memoir On the IWmation of the Bocks

'•;/
,
.South Wales and South-western England (Mem. Geol.

1?
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iSurv., vol. i.) :i Ktxitiou is p^ivcii of the Dolomitic Conu^Io-

morale. A section of the Old Rod Sandstone to the soutli

of Battery Point will bo found in the pages of onr own

rrocoediugs (vol. ii., No. 8, p. 71)) ; and the occurronco of

fisli remains in tliose beds has been noted (Baily, Brit:

Assoc, 1864, p. 49, and Froc. B.N.S. loc. cit.). In Iiis

second paper On the. Geology of the Bristol Coalfield, Mr. W.

W. Stoddart gives a section, reproduced in Fig. 2. Finally,

in a little vohime on The Natural History of Portishead, by

J. N. Duck, there is a geological map of the district; and

a few pages are devoted to a short Jind for the time (1852)

conventioniiUy convulsional account of the district and the

dislocations to which it has been subject. This socnis to be

tho sum of the geological litenituro of tlio locality.

In our recognised geological maps, that by Mr. William

Sanders, and that by tho Geological Survey, thoi'c is much

valuable information, with some differences of detail. Such

mn.ps, liowovcr, arc, taken by themselves, insufficient to

indicate tho varying sti'iko and dip of tho rocks and tho

not altogether unimportant problems which suggest them-

selves when tho beds are practically examined iti the field.

I ventui'c therefore in this paper to set down certain

observations, and to draw attention to, if I cannot solve,

some of tho suggested problems.

2.

—

Physical Features and General Geological Structure.

Portishoad lies at tho north-easterly ond of a well-marked

ridge, which I'uns in a south-w(!sterly direction to Clcvod(m.

As was clearly pointed out by Ihickland and Conybeare, tho

ridge " is divided along its summit, by a longitudinal valley,

into two parallel cirests, tho southern consisting of Mountain

Limestone, tho northern of Old Rod Sandstone, an inter-

mediate valley marking the Shale that divides the i;wo
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foi-mal,i()Ti!H " (foe. cit., p. 239). Nc.iv Portislioad, liowover,

tlio symmotry of the ridge is somewhat broken ere it ends

abruptly on the shore of the Severn.

If the reader of this paper would make him.self i>ractically

acquainted with the district of which it treats, let him take

train to Portishoad. As ho leaves the station lie will see on

the other side of the road an exposure of some of the bods

of the Lower Limostono Shales, dipping at a high angle to

the N.W. Turning to the riglit, and proceeding towards the

laiuling-placo, ho will roach in a few minutes a considerable

quarry, in which beds of the same series, also dipping steeply

N.W., but curving over near the surface, arc being worked
for the embankment just outside the station. The position

of these beds is fixed by tlie occurrence of the 13ryozoa T5od

(see Cont. I!, p. 8), of which charaoiovistic specimens in;i,y

bore be ro.adily obtained. Tlio position of this bod in tin)

Avon section is, it will be remembered, about ninety feet

from tho base of the series of Lower Limestone Shales.

To tho N.E. of tho quarry is tho station near tho landing

«fcage. Here beds of Old Red Sandstone are seen. At first

sight they seem to have a gentle dip to tho N.E. ; but more
careful investigation shows that tliis af)p(iaranco is dcocptivo,

and that tho bods in truth dip steeply to the N.W.
Climbing down on to the rocks beneath tho hotel grounds,

tli(>y lire found to bo composed of a roddisli sandstone ovor-

liiln by Dolomitic Conglomerate. Tho grain of tho sand-

stone, however, is not like that of the Old Red, and tho
tolerably abundant occurrence of indistinct but unmistak-
able plant remains of a Carboniferous typo shows that the

sandstone belongs to the Coal Measure series. The beds dip
steeply in oiiposite directions, vk. N.E. and S.W., within a
space of 100 yards, bnt tho strike remains the same.

Ascending to tlio road tbrougb l-ho hotel grounds, \v(- find
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oursolvcR OTi fl, wooded ride^c; of Moimfcn'n Limostorio, wliicli

runs in a westerly direction to IJattory Point, and the

eastern end of which is surmonntcd by an ancient camp.

The Mountain Limestone is nearly vertical, varying in the

main ridge from 10° to 15° on either side of the pei'pen-

dicular. Its northern or channel side is fringed with

Dolomitic Conglomeiuto, beneath which here and there Coal

Measui'o Sandstone is exposed to view. It is separated on

its southern flank from the Old lied Sandstone of Wood

Hill by a line of depression also filled with. Triassic beds,

beneath which in. all probability lie Lower Limestone Sliah)s.

A little band of Trias seems to sepiwate the main ridge

from the smaller ridge on which the battery stands. The

beds at Battery Point are found to dip at a less stoop

angle of 50° to G0° to the N.E. Thoy are full of Crinoidal

fragments with some Spirifers, and would seem to belong to

the base of the Mountain Limestone series.

Skirting tlio shore of Wood Hill 15ay, wo soon conic to an

exposure of Lower Limestone Shales, where the beds are

folded into quickly succeeding cui'ves, the summits of tho

anticlinals being eaten into by denudation. To tho south,

of tliis exposure the Bryozoa Bed is again displayed. The

strike of the folded beds is E. by S.

Still continuing to skirt the bay, witii tho isolated knoll

of Wood Hill to our loft (1j.), wc cross a triangular patch of

alluvial ground, between which and tlie Sovprn muds is a

beach-ridgo of Old lied pebbles. Near the charred remains

of tho Beach Hotel we find the Old lied Sandstone well

exposed. The strata show strong conglomeratic beds, witli

pebbles of opaque white quartz ; sandy beds, with excellent

examples of false bedding; and, where the wearing back of

t.lif^ cliff h:is exposed tho surface of irh(^ IkmIh, .ibmuin/ut

evidence of so called ripph) marks. It \v;is at this point thiit,
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Mr. Baily and Dr. Martyn found HoloptyoliiuR scales. A
short search on three or four occasions lias only rewarded

me with one small fragment. It was at this point, too, that

the section recorded by tlio Naturalists' Society was raado.

The beds dip gently at an angle of somewhat loss than 20°

S.S.B.

Prom this point wo may tnJco lilio road whi(^h ascends

West Hill. In doing so wo rise on to the more northerly of

the parallel crests spoken of by Buckland and Conybcare.

From this point the crest may bo followed wifclumt serious

break to Clevcdon. Between it and the Old lied Siindstono

of Wood Hill, however, which lies in the same lino, there is

low-lying ground, occupied by Triassic beds. "Following the

road to the corner whore O.B.S. 15° S.E. is recorded on the

map, wo turn to tho left, and, proceeding eastwards, descend

on to the Lower Ijiraestono Shales, which are, however, only

vo7-y imperfectly shown at one or two points by tho roadside,

at one of which, however, the Bryozoa bed is exposed.

On reaching tho place where the road forks, and taking

the more easterly (left hand) branch, wo descend into a

lane, near the top of which beds, proved to be Lower Limo-

stone Shales by the occurrence of the Bryozoa bed, are seen

m a nearly vertical position, one bed giving an E. dip of

JT)", others perpendicular, while a marly bod shows con-

tortions. A little farther down this lane beds of unmistak-

able Old Red Sandstone put in an appearance, while still

farther down, near a cottage, chai-acteristic conglomeratic

beds, with pebbles of opaque white quartz, are seen, the beds

here dipping steeply about 75° N.W. A little lower down
they are overlain and hidden from view by Triassic beds.

Retmming to the place where the road forks, and taking

the other (right-hand or southerly) branch, we descend

another lane, in which near the top are obscurely seen
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Limestone beds, probably Lower Limestone Shales, near

the base of the Mountain Limestone, dippirif,' 20° S.S.H

Farther down the lane more silicious beds cross the road

with a higher dip, while at the point niai-ked on the map

(Dry.), I found on both sides of the road evidences of the

Bi'yozoa bed. Yet fai'i.her down the lane wc come npon

ii good exposin-e of conglomeratic Old lied, with pebbles

of opaque white quartz, dipping 40° S.

After thus finding characteristic Old Red at the lower

end of both these lanes, which will bo seen from tlie map

to lie one on eitlicr side of Fore ITill, it is sonicwhat sur-

prising to find that the hill itself is composed of Mountain

Limestone. The bods are very well exposed in a large

(piarry, which was opened out when tiie Portishcad Docks

were in process of construction. They arc characterized

by the occurrence of curious bands aiid nodules of white

Chert, which has in places replaced the Limestone, con-

verting the organic remains imbedded therein (mostly

crinoidal " ossicles," with some Spirifers) into hard Silica.

The beds dips at a unifoi'm angle of about 18° S.B.

Standing upon Fore Hill, we see to the S.W., clothed

by Weston Big Wood, the eastern termination of the more

southei'Iy crest mentioned by Euckland and Conyboare, of

which the Limestone knoll upon which wc! stand seems like

an outlier. On this view, however, the steeply inclined

Old lied Sandstone in the lanes on either side of the hill

seems not a little puzzling.

Before returning to the station wo may visit, first, a

large quarry in W(X>d Hill, whci-o tlio Old Red Sandstone

is well seen, dipping about 25° E.S.E., and then four or five

smaller quai'ries to tho west of it, on the slope ahove the

station, where bods of Ijowci- Limestone Siiales ai'O exposed,

with changing direction and angle of dip. In the more
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Routliorly qnarries the bods dip gently 15° S.E. In one of

tlio more northerly they are contorted, and then seem to

curve round so as to dip 45° N.N.E. In two of these

quarries wo once more come upon the Bryozoa bed.

The occurrence of this remarkable bod in the Avon

section was first indicated by Mr. W. W. Stoddart, who

described it and some of its contents in The Annals and

Magazine of Natural History, vol. vii. (1861), p. 48G. It

consists of a reddish limestone, in which arc imbedded a

vast number of fossils of minute organisms, chiefly crinoidal

remains, with polyzoa fragments. The following is Mr.

Stoddart's list of forms always present in the rock beneath

Cook's Folly :
" Geriopora rJwmhifora (Goldf .) ; Tlatycrinus

laivis (Mill); Foteriocrinus isacolms? (Aust.) ; Leperditia

Okeni (Munst.) ; Gypridina ovalis (Stod.) ; Gytherella lunafa

(Stod.) ; Natiaopsis plicistria (McCoy), (Young) ;
Productus

(Sp. ?) ; Spirorhis triangnlatus (Stod.) ;
rsaminodus porosus

(Ag. ) ; Gladodus conicus (Ag.)." M.r. Stoddart's list I qnot«

as it stands (Froc. B. N. S., New Series, vol. i., p. 320),

without criticism or addition. The organic remains are ex-

quisitely preserved. On treatment of the rock with dilute

acid the limestone dissolves, and the microzoa remain as a

deep red ferruginous rosichTC.

So far a,s I am awaro, the Ihyozoa bed has not been

recorded elsewhere than in tho Avon section. In the map

appended to this paper I have recorded six other localities,

and in that appended to my paper on the Portbury and

Clapton District (Con. 3), two more. Where I have been

able to measure it, the thickness has been from 5 to 8 feet.

The size and number of the contained microzoal fragments

varies, but the essential character is remarkably constant.

In all cases it is a reddish limestone, in which are imbedded

the insoluble ferruginous fossils.
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Mr. TT. M. Smith lias boon f>;no(l cnongli tomnJco for mo, in

i'lrjCossor llamsay's laboratory at the University CoIl(!f,''(},

Bristol, chemical analyses of two specimens of this rock,

(1) from the Avon Section, (2) from the large quarry near

the landing-stage at Portishcad.

Matter soluble in dilute acid, mostly calcium carbonate

ryilica
Matter insoluble

vForrio Oxide

1. 2.

00-<l(). (;r-08

!)•;!!. r,-Tfi

24-2.'f. 2(r7(;

100-00 lOO'OO

Microscopic examination of the insolnblo rosidiio Kconis

to indicate that the Silica is free as Quartz, and that the

Mici'ozoa have been converted into Peroxide of Iron.

Before passing on to consider the flexures and faults of

which wo have evidence at Portishead, it will bo well to

summarise the physical features oE the district. This is

readily done. To the S.W. "West Hill and Weston Wood
form, respectively, the terminations of tlio northorn and

southern crests of the Portishead-Cliivodon ridge. Of the

Limestone crest, Fore Hill appears to be an outlying portion,

separated by a valley partly occupied by Trias. But per-

haps the general trend of the southern ridge would lead

one to expect that this outlier should be farther south. Of

the Old Rod Sandstone crest. Wood Hill appears to be an

analogous outlier, separated by a low gap, occupied by TriM,ssic

beds. Farther north, instead of anything like a continuatitm

of these longitudinal crests, we have a ridge which lies

obliquely to them, coinposed of Mountain Limestone, and

overlooking the Severn.

A summary of the geological structure will find a place

moi'e litLy at the beginning oC the next section.
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3.

—

Flexures and FauUa.

The osaontial :fon,tnrcs to bo noted in the geological strnc-

turo seem to be the following

:

1. The normal strata of the Portislicad-Clovodon ridgo

thrown into their present position by the greater Clapton

Fault (see Tortbury and Clapton District, p. 12). Tlie beds

dip gently at an angle of 30° or less S.S.B. They may bo

seen on the coast-lino S.W. of Woodhill Bay, and in the

largo quarry at Wood Hill.

2. Along a lino to the S.E. of this, marked by a dotted

lino on the map, tho strata are highly inclined. They dip

78° N.W. in the large quarry near tlio N. end of the line,

70° N.W. near tho station, 75° N.W. in tho lane to the N.

of Pore Hill, 40° S. in the lane to tho south of that hill,

and 80° S.E. in a (piarry to the south of the Mountain

Limestone of Weston Wood.

3. This line, however, crosses Fore Hill, in which tho

Mountain Limestone dips getitly 18° S.E.

4. North of Wood Hill is a depression occupied by Dolo-

mitic Conglomerate. On the coast, however, and in the

quarry to tho west of tho hill. Lower Limestone Shales are

seen contorted, and appear to mark tho axis of an anticlinal.

5. North, of this depression is the Mountain Limestone

ridge, running from i'ortishead (Battery) Point to tho

landing-stage. The beds are nearly vortical, but near

Battery Point dip about r)0° N.l<].

6. North-oast of this ridge, just appearing on tho coast,

and overlain to a largo extent by Dolomitio Conglomerate,

are beds of red Coal Measure Sandstone. With a N.W.

to S.E. strike they dip at high angles N.E. and S.W.

7. Overlying Triassio beds, which do not hero call for

particular notice.
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In Buckland and Conybeare's paper before cited (p. 24C),

the limestone ridgo between Battery Point and the landing-

stage is regarded as belonging to a totally different limestone

axis to tliat wlu'eh forms part of the Portishead-Clevedon

ridge ; viz., to tlic axis of King's Weston Down and Penpolo

Point, on the Gloucestershire side of the Avon. "From

Penpole Point," they say, " the limestone ridgo points

exactly to Portishead Point, on the south of the conlluenco

of the Avon with the Severn ; and on examination, the

strata at that point are found to consist of Mountain

Limestone mantling round the ceiiti'al nucleus of Old lied

Sandstone. The limestone may be traced from the noi'thern

extremity of Portishead (Battery) Point, ranging in a

southerly (?—see map) direction along a woody hill, to

the old battery commanding Portishead (Woodhill) Bay.

In the north-eastern angle of the bay the lowci' strata of

the limestone, hero approaching to the fault of the Clapton

coalfield, are bent into zig-zag curves. On the south-east

the Old Red Sandstone emerges from beneath the limestone,

and forms an almost insulated hill (Wood Hill) between

the village of Poi'tishead and the limestone. On the north-

west, along the coast, particularly near to Portishead Point,

a covering of Dolomitic Conglomerate gi'catly conceals tlio

inclined strata, which are displayed at intervals only, in

low cliffs. At low water, however, we discover the Pennant

coal-grit I'oposing against the calcareous chain, and may

trace it nearly all the way from Portishead Point to the

fort ; and in the cliffs of a small cove, half way between

the northern capo and the fort, the crop of a coal-bed is

seen, having a roof of the Pennant abounding in vegetable

ronvaiiis. These strata arc highly elevated, and occasionally

vertical or even reversed in their dip. These coal measures

seem to indicate the existence of a yet unexploi'ed coal- basin
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ill tlie valley of tlio Severn, between the calcareous cliaiii

now ti'eatod of, and that of Monmouthshire. Tlie limestone

rock, called i;lie Denny, in the mid-channel opposite the

mouth of the Avon, is situated exactly in the lino which

would connect the two calcareous chains. The strata, how-

ever, are nearly parallel to those at Portishead, dipping

N.W. at an angle of C0°."

In the map appended to the paper from which I quote,

the Greater Clapton Fault is laid down as passing between

Wood Hill and West Hill. It would thus be continuous

with the line which separates Old Red Sandstone and Coal

Measures in the map which accompanies my paper on the

Portbury and Clapton district. On the other hand, in the

" Section from Portishead to Pamboi'ough Hill " (PL xxxii.

Sec. 3), the Pennant Grit is made to repose upon the Moun-

tain Limestone without the intervention of a fault.

This I am persuaded is an incoi'rect interpretation of the

facts. I regard Denny Island, and not the Portisluiad

ridge, as the continuation of the King's Weston and Pen-

pole axis. I can find no evidence of a line of fault between

West Hill and Wood Hill, the latter hill being, I feel sure,

an outlier of the more northerly crest of the Portisliead-

Clevedon ridge ; in support of which I would point to the

similarity of trend and the similarity of dip. The limestone

ridge to the north is in connection with the Portishead-

Clevcdon axis, while I hold that the Coal Mcasui'o

("Pennant") Grit cannot have assumed its position on tho

coast without the intervention of a fault. That this fault

has a tlirow of no small amount is shown by tho fact that

by it Old Red Sandstone, with high dip to the N.W., is

thrown into close juxtaposition with Coal Mcasiu'c San-

stone, probably Pennant, dipping 68° S.W.

Dealing now with the sti'ata south of this fault, tlio
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connection of tlio groups nnmborod above 1, 2, i, iiiid 5,

would scorn to bo as follows. Group 1, of sti'ata dip})iiig

gently S.S.E., are the normal strata, but these along the

dotted lino in the map are locally folded, there being

probably a synclinal axis a little to the N.W. of the line.

This brings up the Old Eed Sandstone on either side of

Fore Hill and near the landing stage. On tho other hand,

to tho north of Wood Hill the strata are folded over so !is

to dip steeply towards the Severn, the lino joining the

contorted Bryozoa bed in Wood Hill Bay, and tlio same bed

similarly contorted in tlio Hrnall quarry west of Wood ]lill,

marking the apex of this steep fold. It mny bo that the

limestone here, as well as being folded, is slightly faulted,

down; and there seems to have been a slight shifting down

between the beds of Battery Point and those of the woody

ridge farther E. along the line where tho Dolomitic Con-

glomerate is shown on the map. These shiftings are,

however, of slight amount and of minor importance.

There remains for explanation the Mountain Limestone

of Fore Hill. These beds cannot be brought into dii-ect

relation with the Old Red Sandstone in tho lanes whiclr

lie to the north and south of the hill. It is clear that

they are brought to their present position by tho action of

a fault. This was seen by Mr. W. W. Stoddart ; and I

hero reproduce his section from our Proceedings (Now

Series, vol. i., p. 272), that his interpretation of the facts

may be compared with that to which my own investigations

have led me (Fig. 2).

It will be seen that, on Mr. Stoddart's view, the reappear-

ance of Old Red Sandstone in tho lanes is due to upthrow

by the fault, and, although his linos which distinguish tho

limestone end off against the Old Red, I take it that this

limestones is intcindcid to be I'epresented as rc^posing com-
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fortahly on the Old Red Sandstone. Tliia iw in my opinion

impo.ssible. The Old Eed to the N. dips 75° N.W. The

limestone overlying it dips 18° S.B. There is not room for

the Lower Limestone Shales between tlie two. Nor is there

any sign of fault between the Old lied Sandstone of the

lane, upturned as it is, and the Lower Limestone Siiales

near the bifurcation of the road.
,

On my view (see Fig. ;i)

the repetition of the Old Red is duo to upfolding of the

strata, while the limestone of Fore Hill is brought down by a

Hat-lying downthrow from the limestone mass which, ere de-

nudation removed it, occupied its normal position over what

is now West Hill. The fault is thus analogous to that

which brings down the limestone patches in the Clapton-

in-Gordano coal-field. And neither in the one case or the

other is the throw of very great amount.

The roll of the strata, by which I contend the upbringing

of tlio Old Red Sandstone on either side of Fore Hill to

have boon effected, is further evidenced by the limestone

of the quarry to the S.E. of tlie map. Did no such roll

exist, wo should expect upper beds of limestone here. The

beds are, however, low down in the Mountain Limestone

Series, closely resembling those of the Black Rock quarry

in the Avon section. On my last visit to tliis quarry I

found a characteristic fragment of an ichthyodorulitc of

Oracanthm (probably Milleri), a form also found in the

lilack Rock of the Clifton section.

4.

—

Conclusion.

it only remains to point out, in conclasion, tliat the

ilexuros and faultings described in the last section date back

to pro-Mosozoic times—to those periods of disturbance

whicli usliered in and siuxieeded the deposition of the

rermiaii buds in Ihe nortlieni counties. Tliis is shown by
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I.I10 posiliioTi of tlio Dolomifcic C()i\ti^lom(M-a(.o atul Triii-s. So

too with tlio physical features. The Battery ridgo, Wood

Hill, and Fore Hill, were already marked ont in pro-

Mesozoic times. Tlio Portishead-Clevedon ridgo was

already in existence, at least in a rongh-hown state.

Between it and the Clifton-Clevedon ridgo wore the possibly

ico-Iadon waters of the Old Triassic Lake. But as the ages

of Mesozoio times passed by those ridgos and islands under-

went gradual submergence ; and latter-day denndati(m has

boon largely occnpiod in removing tho load of secondary

rocks beneath which they wore thus smolliorud.
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r?Y E. Wilson, F.G.S., Cuuatou op Tni5 Eristol Museum.

r
I
THE object of this communication is to rescue from

-*- destruction tlio liistory of tlic exploration of tlio Bone

Cave or Fissure on Durdliam Down, from wliicli tlic very

interesting series of mammalian remains in tlie Bristol

Museum were obtained.

Notwithstanding the comparatively brief period tliat lias

elapsed since those fissures were explored, it is absolutely

impossible, owing to the imperfection of the record, to give

anything like a complete account of the discoveries that

were then made. The fissure itself is no longer visible, and

its exact site is now lost. There is also some doubt as to

the authenticity of a portion of the animal remains, which
are somowluit doubtfully stated to have come fi'om tlio

Dnrdliara Down Cave. It must thei^eforo be understood

that the account hero given is avowedly imperfect, tlio

materials available for its construction being themselves so

imperfect.

In the early part of 1842 * a large and important series of

A much earlier discovery of foasil bones in a cavity of Mountain
LimcstoTui, " near (!lifton. by the turnpike-gate ou Durdliam Down,"

31



32 TiriO BONE-OAVH OH, I'MSfiirUE 01' OUItDHAM DOWN.

fossil bonos were found in some fissures which were dis-

closed in working a limestone quarry on Durdham Down. *

These were first noticed by Dr. K/iley, and subsequently by

Mr. Stutchbury. The following is the full repoi't of a com-

mimieation by Mr. Stutciibury to the Bristol Institution,

whicli appeared in Felix Fai/loy's Bristol Journal for

Deecmhor .'Jlst, 1842, with the omission of a portion of

the author's introductcny remarks and some of the kvss

valuable of his thooi'ctical deductions :

—

" At the fourth private meeting of tlio I'liilosophical

Society, held Thursday, 28th inst. (28th Dec., 1842), Mr.

Stutchbury described the nature and contents of the Bono

Cavern lately opened on Durdham Down. The first notice,

of this discovoi-y was made about ton montlis ago by Dr.

liiley, to whom some bones wore tlion bi'ought. No further

discoveries appeared until the month of November, when
excavations wore being made near the position of the

cavern. After a consultation amongst some members of

was mndo by Mr. Miller about the year 1820. This early find, which

consisted of a portion of the hind limb of a horse, hold together by a ;

stalactitic cement, is mentioned by Bucldand. It cannot, liowcver, bo

considered a discovery of any particular value, and does not appear to bo

in any way connected with the later discoveries of Messrs. liiley and

Stutciibury. Indeed there is good reason for thinking that the fissures

were quite distinct, or, at any rate, that the points of discovery were

widely separated from one another.

* Mr. B. Etheridgo, P.ll.S., who was, I believe, resident in Bristol at

the date of this discovery, and who speaks from personal recollection,

informs us that " the cavo or fissures occurred in ono of the largo

quarries on the Down, between the Clack Boy inn, or corner of the

Down, and Cook's Folly, in direct lino." Is not this tho large quarry

which onco existed in the middle of Durdham Down, near tho reservoir,

on the south side of the Htoko Bishop road, and which was eventually

filled up with tJie material taken from the excavation for tho Cumberland

basin ?
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tlio Society, it was recommended to prosecute furtlicr

researches, and the suggestion being adopted by the com-

mittee, and a small sum of money voted to defray expenses,

it was doomed advisable to place the iuvcstigationa uiuler

the solo direction of Mr. Stutchbuiy."

After making some further observations on the general

subject, Mr. Stutchbury proceeded to the particular de-

scription of the discovery on Durdham Down, and exhibited

drawings of the quarry and a small model.* Ho thus de-

scribes the fissure : " The cavity is conq)liciited in form, but

consists essentially of a perpendicular fissure concurrent with

the natural joints of the rock, having a variable length,

generally 8 or 10 feet, and traceable to a depth of neai'ly

90 feet from tlie surface. The upper part of the fissure has

a breadth sufficient to admit animals of moderate size, but

at a depth of 12 foot it suddenly contracts to a compara-

tively narrow cleft, rendered very irregular by perpendicular

sharp projections of the rock, and thereby adapted for the

passage of living animals downward to a larger cavity, into

which the cleft communicates laterally at a depth of 20 feet,

and which constitutes tlie present floor of the quarry
;

another perpendicular and parallel fissure opens upon the

opposite end of the cavity. The bones were found embedded

in a mixture of mud and broken pieces of limestone, and

occupying the greater part of the first-named fissure, and

the whole of the lateral opening. It has been determined

that other cavities exist at lower depths, but their contents,

remain unknown. The following animals have been ascer-

tained to have furnished the bones : Of the carnivora thei'o

are eleven or twelve hymnas and one bear, also two wolves

:i,nd s(!verii,I foxes, both of whicli bear evidence of latei' date.

See p. 36.
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1'ho horbivora comprise very numerous examples of bos

(wild bull), about five deer, six or seven elephants, varying

from extremely young to one very aged, two examples of

rhinoceros, and several of hippopotamus. The bones are all

attached, and fractured into small bits, and the proportion

of toetli and horns to the other parts of the body greatly

preponderates.

" In reference to the possible modes of accumulation, the

first method by floods is excluded, because, as in all diluvial

accumulations, there would have been a mixture of i^olled

stones of various kinds. If the animals had fallen into

the fissures, whole skeletons, or at least all the bones of a

single individual, would have been entoinbod. But so far

from this being the case, the receptacle would not contain a

number approaching to that of the animals whoso remains

are there found. But, on the other hand, the theory that

the cave was the den of hyronas is consistent with all the

observed facts. The hnljits of these animals to tear up

j)utrid carcasses, to cany oif poj'tions to their dons in rocks,

to crash with violent force the bones of their prey—for

which their jaws are consti'ucted to act with wonderful

effect—tho gnawed and splintered condition of the bones

ai'o circumstances which render the last-named theory

highly probable, and worthy to be assumed as the ti'uo

one. By comparison of the teeth of the fossil hyrona and

bear with those of recent animals, their enoi'mous size was

strikingly shown; those of tho hya)na pi-ovcd it to have

been larger than the largest known syiocios of tiger.

"Mr. Stutchbury then drew attention to the following

facts : An elephant's tooth had been broken into two parts,

in a direction not corresponding with that of the lamina! of

the tooth, but diagonally across tho laminro, and the parts

had moved relatively iu the plane of the section ; another
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tooUi wiiH found crushed and fixed between projciitirig points

of the rock, a cylindrical bono was split longitudinally, and

similar movement in the plane of the fracture had occurred.

Several other portions of long bones wore fractured longitu-

dinally, and the lamini» of a very largo elepliant's tooth

separated; whilst the detached parts in both cases still

remained in clear juxtaposition, adhering by thin layers

of indurated clay. These appeai'anoes suggested the hypo-

thesis of considerable relative movement having taken place

in the walls of the fissure and cavern since the deposit of

the organic remains, and might have produced the ch)Bing

of the orifice, and the consequent high preservation of the

bones , . .

" The meeting closed with a discussion, in which Dr. Ililey

made some observations on the structure and marks of age

exhibited by the teeth of the elephants, and Mr. Austin

placed on the table an elaborate plan and sections of the

(puirry.

"W. S."

I have quoted the foregoing notice so fully, because it is

the earliest and only detailed account I can find of the dis-

covery of the Durdham Down Bone Cave. The description

given by Mr. Stutchbury must, I think, bo acknowledged to

bo a pliilosophical one, and liis theoretical deductions to be

in the main sound. On one or two points we may not now

be able entirely to agree with him, and one or two matters

1-em.ain which still re(iuire elucidation.

In the first place it is to be noted that a single fissure only

is referred to, altliough a fissure of a complicated character

and duplex form. The osseous remains in the Bristol

Museum wore mostly labelled " D. D. C. E." or " D. D. C. W.,"

as if indicating that they wore derived from two distinct
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cavities. Thoro arc two models * in tlic Museum, each of

which delineates a fissure. The fissures thus delineated,

however, whilst not absolute counterparts, have the same

general character, consisting of a narrow, nearly voi'tical,

cleft, opening at the surface of tlio ground, widening out

and divided below by sharp roclcy pi'ojections, and con-

tinuing downwards into a more spacious horizontal chamber,

whence a narrow pipe-like fissure proceeds vertically down-

wards (see Plates III. and IV.). t So nearly do the two

models agree, both in their genei'al and detailed conformation,

that I look upon them as right and left-hand illustrations at

two contiguous points of one and the same fissure, which

had been cut thi'ough and exposed by quai'iying opeiutions

carried forwards in a transverse dii'ection. One of the models

is constructed in two halves, in order to show the continuation

of the large lateral cavity, and the parallel pei'pondicular

fissure, also opening out of the surface, as described by Mr.

Stutohbury. 1 infer then that the Durdham Down " Bono

Cave " consisted essentially of a single line of fissure running

roughly cast and west; that this fissure was, generally speak-

ing, a narrow cleft, but that it luid here and there boconio

widened out laterally, so as to show at least two surface

openings of appreciable size; that similar expansions of the

fissure occurred at a depth from the surface, which wei-o in

* Tfiese modofs wero fately unoarthod in the attics of the Institution,

and have now been roHtorod and placed in tfic Museum. I had pre-

viously noticed a smaller set of models of the same fissures in a museum
cabinet ; and I may say that my only moans of identifying these models

with the Durdham Down fissures is a ponoil-note to that effect in an old

catalogue of museum duplicates, taken in connection with the descrip-

tion in Mr. Stutchbury's report.

t On one of the models there arc figures to show that the de|illn (from

the surface) to the top of the hole {i.e., the pipe-like fissure) was SG feet,

and from this point to tho bottom of tho hole 37 feet.





Plate lU.

Durdham/ BoHm (M.v'e/

flf/l haw/ viewj



Plate lY

__„.-/

"^^ ^^SHJHH^HBHR

^' if If M^^^^^^^^HF

I ' ,^ ' if
^^,.....^, .„,„'.«!•*«: jO^^^^^^^^^KHi-

f^t^^^^^^^^^^^F^ ;.- »»>'V>M.'^\<HH'^.

f . / ^__ j £
^^^^^_—

MH^^^^^I ^^^Hm^^Hv wr y
"'* HHH

J r jT^W UK'' / IHB ' .^P^ 1-
"''''

''"'''>'sa'''

'wM§ /r/''~"
.,..;-

1 1

,

H^^^Hp^^^^^HIP!'^'''^^^ ^c)Nr'"u^v:^;'.''A

J
"'"jB

^^^^Hp^„.-^.^

^j^hP sw^'
, ^.^J**^"''

j^kKHf^^i,.*»«..-
-«**"*

"^•l^a^^^^^^KF'

1
Durdham J)fm'n Cave .

( ng/ti h/nid i'lm
'

'





THE BONE-OAVK OR FISSURE OP DITRDnAM DOWN. 37

somo oases connoctod by lateral galleries running along tho

lino of lissuro, whilst at certain points distinct pipe-liko

clefts proceeded vertically downwards to considerable bnt

unproved depths ; and that the whole of these cavities, whicli

were in the first place excavated by the chemical erosion of

percolating rainwater, had subsequently become more or

loss completely filled up with cavo-earth and stalagmite, in

wliich the bones and teeth of tlio various animals above re-

ferred to wore entombed.

Whilst admitting that the balance of evidence is distinctly

in favour of the hypothesis that the "Durdham Down Cave"

served as a haunt for beasts of prey, we cannot help noticing

the somewhat awkward sort of a den such a narrow, vertical,

and interrupted cavity would be for an animal like a hyrena.

Probably, however, the entrance to the fissure was facilitated

by the slope there appears to have been in its walls, and

perhaps also by a talus of cave-earth at the period when it

was occupied by those animals.

This difficulty appears to have struck an anonymous

writer at the time, as will be seen from the following

extract from the The Geologist, for which I am indebted to

the courtesy of Mr. F. W. Rudler, T.G.S., llegistrar of

the Royal School of Mines :

" Organic Eemains.—A quantity of bones of the bear,

hyauia, hippopotamus, rhinoceros, door, and elephant^

have been discovered in a cave in the Mountain Lime-

stone at Durdham Down, Bristol, and the peculiarity of

the circumstance is that tlioy woi-o found in a fissure

only, which, as far as can be ascertained, extends a very

considerable depth lower than the workmen have ever yet

gone. This is not the case in other places, where the bones

n,ro all found in caverns, which would appear in somo mea-

sure to r(^fnte fJio theory of cortnin pbilosophors, viz., that
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these caverns wore tho rosorfc of tlic liynona or tiger (?),

wlioro tlioy dragged in and devoured tlicir pi'ey, and after-

wards died in tho same cave." *

For tho same reasons as those given by JVI'r. Stutchbury,

I should bo inclined to dissent from the foregoing observa-

tion, and to accept tho hypothesis that the Durdham Down

Cave really did servo as a haunt for hyasnas (and at a later

date, perhaps, for wolves and foxes), as tlus correct one in

account for tho introduction of their osseous contonts. As

regards the alleged exceptional size of the teeth of the fossil

bears and hyasnas compared with tliose of tlioir recent allies,

I may observe that so far as the liyasna is concoi-ned there

are no teeth in tho Bristol Museum of a size sufficient to

support this inference, but there is a mandible of a cavo

bear of average adult size (measuring 1' Of" from condyles

to incisor border, and more than 9" from condyle to condyk!),

considerably larger tlian that of tho great polar bear, wliieli

might therefore be taken to justify tlie comparison instituted

by Mr. Stutchbury, so far as bears are concerned.

Geologists will not at the present day be pi-epared to

accept the hypothesis of subsequent earth raovomonts in.

order to account for the fractured elephant's tooth and

bones. Tho fractures are not of that clean-cut kind which

a fault would jtroducc ; a fall from some height on to a

hard, I'ocky ])roje(!tion would probably suffice to explain the

a|)|)earances met with.

Although tho special object of this communication has

now been accomplished, I must not conclude wiUioiit a brief

reference to the lessons, so pregruint with interest, whieli

are to be derived from a considei'ation of the foregoing faels.

For the following generalizations, I niiiy say that I am

T/if Geolooi-il. London, vol. ii., 184.^, pp. 71, 72.
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almost wliolly indobtod to tlio writings of Professor W. Boyd

Dawkins, IMl.S., to whoso very valuable and interesting

work, entitled " Cave Hunting," I would refer all who arc

interested in the subject for fuller information. In tho

Durdham Down fissui'e, as in several other British caves,

wo meet with the remains of such distinctly southern-living

forms as tho lion, liyiBua, a,nd hippopotamus, associated with

a number of temporato species, such as the wolf, fox, bison,

brown bear, otter, hare, and horse, and at least one distinctly

northern animal, the reindeer. This remarkable association

in Pleistocene Europe (and Britain) of animals, some of

which are now only alivo in widely remote parts of tho

woi'ld, and in far-removed latitudes, points to very great

geographical and oliniatal changes since that period. Nearly

a,ll tho temperate, northei'n and mountainons species of

Pleistocene Europe can be traced to noi'tliern and central

Asia, whilst the head(|uarters of fho .southern animals are in

Africa and South Asia. I'jurope was then intimately con-

nected with Africa on tho south, and with Asia on the east,

and offered no barriers to the migration of Asiatic and

African animals, as far to tho west as Britain and Ireland.

The apparent anomaly of an intermixture of southern with

tempei'ato and noi'thorn foims in the same district, and oven

m tho same cave deposit, is in all probability to bo explained

by extreme seasonal, coupled with considerable secular,

variations in tho climate of the same regions, leading to tho

constant swinging backwards and forwards of the northern

and southern forms over the middle or normally temperate

zone. Throughout this middle zone, comprising Prance,

Germany, and the greater part of Bi'itain, the climate was
colder in winter than now, and warmer in, summer, as it

IS at tho present day in Central Asia and North America,

where large tracts of land extend from the polar region
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(,ow.ar(1a the equator. In the smnmer time the Ronfhorn

species would pass northwards, and in the winter time the

northern animals would swing southwards, and thus occupy

at different times of the year the same tract of ground as is

now the case with the elks and reindeer. It must not, how-

ever, bo supposed that the southern animals migrated from

the Mediterranean as far north as Yorkshire, or the northern

as far south as the Mediterranean, in one and the same yea-r.

There were secnlar changes of climate in Pleistocene EurO]io,

and while the cold was at its maximum the Arctic animals

arrived at the southern limit, and while it wiis at, its mini-

mum the spotted hya3na, hippopotamus, and other southern

animals roamed to the north limit. Thus every part of the

middle zone has been successively the frontier between the

northern and southern groups of animals, and consequently

their remains are mingled together in the caverns and river

deposits under conditions which prove them to have been

practically contemporaneous in the same region. In this

way the association of northern and southern animals may

bo explained, namely, by their migrations according to the

seasons, and their association over so wide an aren, as the;

middle zone, by the secular changes of climate, by which

each part of that zone in turn was traversed by the advanc-

ing and retreating animals.

The identity of the British Pleistocene fauna with that of

the Continent leads irresistibly to the conclusion that in the

Pleistocene age Britain was connected with the adjacent

countries by " a bridge of land," over whloli tlio wild iuiimaJs

had free means of migration. Soundings show that Britiiin

and Ireland constitute merely the uplands of a plateau now

submerged to the extent oE al)out 100 fathoms on the mar'gin

of the Atlantic. An elevation to this extent would convoi-t

Ireland, England, and the surrounding sea,s into a pjirt of
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tlic Oojitinont; wliilst an elevation of only 20 or 30 fathoms

would connect Britain to Europe, and 40 or 60 Ireland

also. The discovery of the mammotli, I'hinoceros, hoivso,

Irish elk, wolf, lion, and bear on so small an island as Caldy

(near Tenby), is cited by Boyd Dawkins, to show that a

considerable change has taken place in the relation of the

land to the sea in that district since those animals were

alive. It would have been impossible for so many and so

large animals to have obtained food on so small an island.

It may therefoi^e reasonably 'be concluded that when they

perished in the fissures, Caldy was not an island, but a pre-

cipitous hill, overlooking the broad valley now covered by

the waters of the Bristol Channel, but then affording abun-

dant pasture to large numbers of herbivorous mammalia.

The same inference may also be drawn from the vast num-

bers of animals found in the- Grower caves (near Swansea)

which could not have been supported by the scant herbage

of the limestone hills of that district.* Wo must therefore

picture to ourselves a fertile plain, occupying the whole of

the Bristol Channel, and supporting herds of reindeer,

horses, and bisons, many clcjihants and rhinoceroses, and

now and then traversed by a stray hippopotamus, which

would afford abundant prey to the lions, boars, and hyuenas

inhabiting all the accessible caves in the neighbourhood, as

well as to their great enemy and destroyer, man.

* At the period of which we are spealdng, Durdhiim Down (or, as tho
level plateau going by that name might more appropriately he designated

"Durdhain Plains ") would form, not as it now does, a comparatively
low-lying plain about 300 feet high, but an elevated tableland nearly
one thousand feet above the level of the sea.



42 THE I30NE-CAVK OR FISSURE OF DURMIAM DOWN.

APPENDIX I.

SUMMARIZED LIST OF MAMMALIAN REMAINS FROM THE

DURDHAM DOWN BONE CAVE IN THE BRISTOL

MUSEUM.

Elephasantiquus,Va,\c. ("sira,{g[d-tnH\iGildGphiwV').

2nd and 3rd milk molars, and 5 (?) molars of

adult animals, one of wliicli is transversely and

obliquely fractured, and others broken or

crushed; most, if not all... ... ... .. 1

]iJkphaii primitjeri/iMS, lilum. ("the mammoth"). Mo-

lars (authorities, W. Eoyd Dawkins, 1874 ; E. T.

Higgins, 1847). It is doubtful -whether any of

the elephant's teeth from the Durdham Down

Cave, in the Bristol Miiseum, belong to the

mammoth ...

Elcphas, sp. ? 5 molars, including E. antiquus and

E. primigenius (?) Probably from

1 penultimate phalanx—probably from

Ilijrpopotamus amphl.hins, var. major, Cuv. ("African

hippopotamus"). 13 molars and pi-omoliirs,

4 fragments of canine and 1 incisor ; metatarsal

bone

Bhinoceros hemitcechus, Falc. 6 molar tooth, of which

4 are in pairs; ealcaneum

Bhinoceros tichm-hinus, Cuv. = E. leptorhinun, Owen

("woolly rhinoceros"). 1st milk molar, right

side ...

Uos, sp. ? Molar and premolar teeth, radius, meta-

carpals, longitudinally fi'actured, metatarsal ...

Gervus, sj>. ? Antlers of deer ; lower jaw ...

Gervus tarandus, Linn, ("reindeer") (authority, VV.

Uoyd Dawkins, 1874)

D.D.C.

D.D.C.

D.D.C.

E.

t

E.

W.

U.D.C.

d
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JiJqimii cahallus, Liim. { = 11. fossilis, Cuv.) (" liorso ")

(autlioritios, Miis.Cat.,184G ; E. T. Higgins, 1847

;

W. Boyd Dawldna, 1874) ; not in Museum 1886 D.D.C.

Sus, sp. ("boar"). Molars and canines (autliority,

Mus. Cat., 184G) ; not in Museum, 188G ... D.D.C.

Lopus timiduSj'Lmn. C-'Ikivg"). Incisors ... ... D.D.C^.

ylni't'coZa, ? .sp. (" vole " ?). Incisors ... ... D.D.C.

Mus musculus, Linn. (" iriouse ") (autliority, Mus.

Cat., 1846) ; not in Museum 188(3 D.D.C.

Felis leo, var. speloea, Linn. ("lion"). Canine tootli

(autliority, W. Boyd Dawkins and W. A. Sand-

ford, 1866 and 1874). In collection of Earl of

Enniskillen, Florence Court, Ireland ; not in

Museum 1886 D.D.C.

JJrsus Ardos, Linn, ("brown bear"). Skull with 3

pair of molars, canines, and incisors
;
portion of

lower jaw; metacarpals and phalanges ... W.

TTrsus spelmus (?) Goldf. (" cavo bear"). Mandible

with 3 pairs of molars and pair canines ; nume-

rous canine, premolar, and molar teeth of both

jaws
;
portions of upper and lower jaws, with

molars ; cervical and dorsal vcrtebrte; astragalus,

carpals, metacarpals, and phalanges ... ... W.
Hyama crocutn, Linn., var. spelma, Goldf. (" spotted

hyiBua"). Portions of jaws, with all classes

of teetli in position, and isolated premolars and

canines of both jaws ... ... ... ... E.

Vulpen vulgaris, Owen ("fox"). 9 rami of lower

jaws, with all classes of teeth in position ; 5

portions of upper jaws, with teeth ; cervical

vertebriE, ilia, sacrum, femur, tibia ; ribs, hume-

rus, radius, ulna, os calcis, metacarpals and

phalanges, astragalus ... ... W.
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Cams lupus, Linn. (" wolf "). Upper and lower jaws,

witli molar and premolar tooth in position

;

cervical, dorsal, and lumbar vertebras; scapula,

liumorus, radius, ulna, umtacarpala ; femur,

tibia, fibula, metatarsals and phalanges ... W.
Males taxus, Linn, ("badger"). Right and left man-

dible (?) D.D.C.

Lutra vulgaris, Owen (" otter "). Fragments of u pper

jaw and humerus ... ... ... ... W.
Mustela, sp. Canine ... ... ... ... ... D.D.C.

Three long bones exhibiting marks of giiiiwiiig by a

rodent ... ... ... ... ... ... W.
Two bones exhibiting marks of gnawing by liyasna E.

A few undetermined bones, more or less fragmentary.

NoTK.—The letters "W." and " E." indicate that tlio nsmains referred

to wore respectively derived from the eastern and western cavities, whil.st

the letters "D.D.C." indicate that the remains thus lettered came from

tlie "Durdham Down Gave," but that the precise spot from which llui.y

were derived was not recorded.

APPENDIX II.

LIST OF TTIR riUNOIPAL PUT5LIGATI0NS ETSFEBRTNG
TO THE OEGANIG EEMAINS DEEIVED VUOM THE BONE

GAVE ON DUEDHAM DOWN.

1842.—" W.S.," in Felix Farley's Bristol Journal for 'list

December, 1842.

1843.—Anonymous Organic Remains (Durdham Down),
" G-eologist," vol. ii. p. 71.

1846.—Owen, Richard, F.R.S., " British Fossil Mammals and

Birds," pp. 102, 155, 345, 410.
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1864.—Dawkins, W. Boyd, F.ll.S., J'Sritish Association Re-

port, Bath Meeting, 1864.

1865.—Austin, T., F.G.S., Fort Major, " Tlio Millstone Grit

and its Fossils," p. 29.

1866 ot seq.—Dawkins, W. Boyd and Sandford, W. A.

PalcDontograpliical Society, " Pleistocene Mammalia,"

p. 1515, etc.

1868.—Falconer, Hugh, " PaliBontological Memoirs by

Charles Murchison, M.U.,F.R.S.," vol. ii. pp. 178, 179,

323, 327, 349, and 534.

1874.—Dawkins, W.Boyd, F.R.S., "Cave Hunting," pp. 291,

292.

1876.—Horace ]j. Woodward, F.G.S., "Geological Survey:

Memoir on East Somerset and the Bristol Coalfields,"

pp. 188, 189.

1877-1881.—Adams, A. Leith, M.B., F.R.S., Palaionto-

graphical Society, " British Fossil Elephants," pp. 7, 72.

f
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PART IX.

By CEDRIC BUCKNALL, Mils. Bac,

Cvrrosjionding Member of ihe Cryptogamic tiociely of iScolliind.

1198. PsKUDOVALSA FHSCA, Iluchiall. Plato v., i\g. l*

Pustules small, numerous, orumpent. Pcrithccia globose, librilloso,

immersed in a brownish orbicular stroma ; nocks elongated, slender,

cylindrical, converging ; ostiola scattered over the brownish, depressed

disc. Asci clavatc, shortly stipitate, C5-100 x 10
;
paraphyscs abundant,

filiform. Sporidia oblong, .B-septate, brown, 17 x 5.

On twigs of Acer psemhplatanus.

1216. SOBDAHIA Sl'AKGANICOLA, var. VHI;A'I'A, Jhicknall. Pliiie

v., %v. 2.

Peritheoia subcuticular, depressed ; ostiola conical, orumpent. Asci

200x17. Sporidia, 18^20 X 9-10.

On a dead umbelliferous stem.

Differs from the type in the depressed pcrithccia, and smaller asci and

sporidia, but can scarcely bo separated as a distinct species.

1218. Si'ORORMiA SKCEDENS, Buclifiall. Plate v., fig-. 3.

Pcrithccia superficial, ovate, carbonaceous, fragile, j-,J mm : ostiola

inconspicuous, not prominent. Asci broadly clavate, stipitate, apex

* The figures in Plates V. to VXII. are all drawn to scale, Ihe asci and

sporidia being magnified about 8iJ0, and the pcrithccia 70 diameters.

10
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\ Fsmdavalsa fusca, Bu.cknaiM 3. Sporonnia secedtns^ Bucbuill..

lSord/im.sparffa7u£ola,var.vf/M.ia,BuckmU. 4. Leptosphana MicJwtii , We.xL

5, CAaetddiphidM- raidina , Karst
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Plate VI

&.ffe/i/^-/r.wn./M nparuj, Srice

1 .Ikiidirsf/nui' riuuifiriUiS-, Dcsm

8 Shiiin.'itisiiom </it!iiS)m'n .
Mipsr.l

9. Melaiiamnini/ Typhaf _. hd
10. V(^.Ls(i areqaruj ,

J'll'.

II Va/st: nrd/jf'rr.<: Nrrss'/
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rounded, 75 x 17. Sporidia tctramcroua, olivacooua-lilack, breaking np

into elliptical segments while still in the asci, 'IH/j. long, segments 7-',) x 5.

Ou a decorticated stick.

The sporidia break up into segments so soon that their componnd

structure can only be discovered by examination in a very young stage.

The old and broken perithecia are seen to be tinged with pink inside.

Tlio following, as far as I can discover, liavc not previously

boon rocordcd as Britisli :

—

ll.'')5. CoimNABIUS (InOLOMA) I'KNICTLUTUS, I'V. ]Tym. Tlur.,

p. S65.

1164. Chjjtodii'lodia cauuna, Karst. Sacc. Syl. III., '2001.

Plato v., fig. 5.

On dead stems of Chenopodium.

11G8. Hkndkusonia iupabia, Sacc. Syl. HI-, 2^86. Plato VI.,

fig. 6.

On Carex riparia.

1169. Hendebsonia Phbagmitis, Vesm. Sacc. Syl. III., 2393.

Plato VI., fig. 7.

1171. STACiONOsrOHA aquatica, var. .iiraciSKiu, Sacc. Syl. III.

<2J/ro.

1172. Staoonospoea (luiAsroKA, Niessl. Sacc. Syl. Ill, iU73.

Plate VI., fig. 8.

On Garcx riparia.

1175. Sei'tobia Mkdicaoinis, Huh. if Desm. Sacc. Syl. Ill,

274.7.

1178. Mklanconium Tyi'jia;, recJc. Sacc. Syl. 111,8087. Plato

VI., fig. 1).

lli);3. Vai.sa (CoB,()NO['ir()i!A) (jBEdABiA, Lih. Sacc. Syl. I., ilS.

Plato VI., fig. 10.

*1197. Valka (Cii()1m)STATe) nidulans, Niesd, Sacc. Syl. I.,

2428. Plato VI., fig. II.

1201. DiAi'OKvi'jin (Tetkastaga) kevkllenh, Nkc. Sacc. Syl. I,

2575.
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1202. T)iAi'Oii'iMiK (Tkti{Akta(ja) JJhokiiaukii, Nkc. Sacc. Syl. /.,

iiS!J'£.

1203. DiAi'OiiTiiE (Tbtrastaga) ciBCUMSCKU'TA, Oilh. Sacc.

8yl. I., 269S.

1208. Lni'irroHTOMA (Loi'iriOHi'iiiORA) pulvhkacka, Sacc. Syl.

IL, 5U4- Plato \iL, fig. 12.

1209. LOPHIOSTOMA (LOPHIOTIilOMA) VAdABUNDIIM, Sacc. Syl. I/.,

543,'^. Plato VII., (ig. 1:5.

1222. Lui'ToaiMiiUBTA ni4CTBi:oiijhs, Spcg. Sacc. Syl. 11., 3010.

Plato VII., fig. 14.

122:5. Lkl'T()Bi>io!iua Micijohcoi'ia, Kard. Sacc. Syl. II., 30(10.

> Plato VII., fig. ir>.

1224. L.ni"i'0Ki.'ii/iii4iA vagabunda, Sacc. Syl. .//•, 3003. IMatc

VII., fig. 16.

1227. Ckiuospoea xanttta, Sacc. Syl. TT., 3520. Vhx.U'. VIII.,

fig. 17.

12:50. Pi.noHi'OiiA vAdANS, Nicusl. Sacc. Syl. II., 330/,.. l'laJ,o

VIII., fig. 18.

12;)5. Si'U/KRKiJA Tashiana, Ih Not. Sacc. Syl. J., 205S. I'hito

VIII., fig. 19.

On Typlia latij'olia.

»

1145. Agaricus(Lepiota)excori-
jg^.^^^.[ly^ Uct., 1885. t

atus, Schaeff. )

*Agaricus (Triclioloma) a,i-- ~^

gyracous, tJar. viresccn.s, \ Ijcigli Woods. ^i^

Cooke, Illus., pi. 6Jj.l. )

This woU-markod variety occurs abundantly ovory your in Uu; \,MRh

Wooda. It was recorded at No. *G'J(> as Agaricus terrcu.^var. anjymceiis.

114(). Agii,ricuB(Clito(;ybo)""''ii- \ li'aiso f!n,stlo

lai'iH, J'V. ) Woods, Oct., 1885.

1117. Agaricus (Clitooybo) opu:- ]
'

CUH, With. 3
" " "

1148. Agaricus (Clitocybc) iji- ) Dnrdliaru

cilis, J'V. i
Down, Sopt.



Plate m

\^lophwsimiaj,)uJMracea, Sao: WJjpbspMma, n&trwi/j£s, 5pg.
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z%m jir :

( Jul 2m 1942
)



Platem

17. Cenpsporn ;rMTifJia, Saa 2QtlypospiLa vbburm ,
.Siichm/l.

18

.

TlwsporO' V(7£an.s, NiessL 2 1 • DuJyr'ndUi saepma>/j./()rr/us,J)fM



THR FTlNni OF TTTE BBIOTOI, niSTKTCT. 49

*Agariona (Clitncybo) goo- ") Wostridujo

trujras, JMZ.
'

'

} Wood', Oct. 1882.

The locality given at vol. ii. pt. iii. i-i. 312 ia incorrect.

1149. Agavicus (Nolanoa) pisci-
] j^-^ ^^^ c^

^ ^^^,^_
odorus. Ces. )

' t
'

1150. Agaricus(Galera).spartoiis 1 Durdliarn

Fr. f Downs, Aug. 1884.

1151. AgaricuM (Psalliota) syl-
1 Kingsweston, Oct., 1885.

vaticu.s, Schaef. 3

1152. Agaricu.s (Hypholoma) ) Durdham
ogenulus, B. ^ Br. ) Downs, Sept., 188;?.

1153. Agaricns(Psatliyra)Rpadi- 1 Uerwick
coogriscns, Schaeff. ) Wood, Feb., 1884.

1154. Agaricus (Psathyra) semi- 7 rj. i j. r\ i. -loor
J -J. 7) 1) ^ btapleton, Oct., 1885.

vcstitns, B. ^' Br. )

1155. Cortinarius(Inoloma)peni- } Blaise Castle

cillatus, jFi". 3 Woods, Sept., 1884.

1156. Cortinarius (Dermocybe) ) t i ttt- i n, , loor
, , '^ -,;, ' ' y Leiffli Woods, Oct., 1885.

ochroleucns, Fr. 3

1157. Continariua (Hydrocybe) ")

saturninus, Fr. )
" " " "

1158. Rnssula consobrina, Fr. Prencliay, ,, 1884,

1159. Cantharcllus aiirantiacus, ") Abbott's
Fr. ) Leigh, Sept., 1885.

1160. Polypoi'iis intybacous, Fr. Frencbay, „ 1884.

1161.
jj ontioularis, Fr. Staplcton, Autumn, ,,

1 1 r.') n ±1 -.-. ^ 7 Clifton (Mr.
1162. Cyatluis vermcosns, D. G.

j ^^ wheeler) May, 1885.

1163. Diplodia Scheidweilerii \

West. Sacc. Syl HI. Uoiia Woods, April, „1830 ; Coohe, Sphcvrops
(

> t
> »

Grev. XIV., p. 61. )
1164. Chsotodiplodia caulina, ) The Avon, G. Spi-ing,

3 1886.

Blaise Castle, Dec, 1885.

Karst.

116o. Hendorsoniasavniontoriim, |

On dead twigs

1166. Hon
'

West. 5

Berheris vulgaris.

sonia llubi, Wed. Bl Castle, MilaiS(! Uastu 1885
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I Hi7. Hcndcrsonia saliciiia, Ftse. Glon LVomo, Mar., TScSr).

1168. „ ripai-ia, 8acc. The Avon, Spi'ing', 1880.

1169. Phragmitis,)
Summer, 1885.

JJesm. )

1170. Stafrono-spora Typhoi-
| ^^^ ^

1171. Stagonospora aquatica,
| ^^^^^ April, 1878.

var. jiinciscua, ISaoc. )
•' ^

1172. Stagonospora gigaspora,
j ,j,,,^ ^^^^^ g_ ^^^^.^^^^ ^^^,-,

117.'5. Ccuthospora phacidioidos, ) o, , , t innfr^ ^
^ ' > btaplcton, Jan. 18//.

Grev. 3

1174. Darluca filum, C«si. Btu-wick Wood, Mar. 1878.

1175. SoptoriaModicagims,I^o/». I ,
.

I

,y ,

&7)es™. ^
u.igh. vvooas, July, „

117G. Soptoria primulro, BucJcn., | Berwick
Gre?;. XIV., p. 4.0. j Wood, Mar., 1885.

1177. Septoria atriplicis, West. The Avon, July, 1883.

1178. Molaneoni.umTypha),Pe(:-/t-. Mangotsliokl, April, 1886.

1179. Torula abbroviata, var.) „„ . „ ,-. 'loo^
, •,. • 7j p ,, 'c

Tkc Avon, S. Dec. 1884.
sphDoritormis, 2J. ^' Jh: )

'

1180. Tetraploa aristata ]!. l\" } -ir n r loo,'
J,

' -^
> Ham Ureen, Jan., L88().

1181. Puccinia tripolii, Wallr. Sea Milks, Sept., 1885.

1182. Fusarinra cqniseti, I)esm. Leigh Woods, Juno, 1882.

1183. Peziza vcnosa, 7;ar. ancilis, 7 ,,, . ,, ,, ^.^ ,,,„„
7-, J,

'
' IJlaiKo CaHtki, May, 1885.

1184. Poziioa furfuracea,, 7'V. Ham Green, Sept., ,,

1185. Patelk'iria connivens. Ft. Leigh Wood.s, Pel)., 1886.

On dead atoms of Bubus Idceua. Asoi 1'25 x 17 ; sporidia, .'i'2 x 7.

1186. Hysterium ropandum, ) , . , ,x,- , loo.i

jjl„j._

^
j

l^cigh Woods, — 1883.

1187. Troohilalanrocora.si, Fr. „ — 1885.

*Hypospila viburni, liuck-

nall, No. 1080 ante.

Plate VIII., fig. 20.

1188. Hyywxylon coluiToiis, Fr. Blaise (!astl(-, Deo.
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1 189. Diatrypc brassic(» a-e.,
| ^.^-^^ j„,^^^ 1^35,

Ct9-eu. XIII., p. iwA )

1190. Diatrype borberidis, Cke. 1
j^j^^-^^, q^^^^^^ ^ 1884.

C/reu. XIF., p. l4- )

1191. Eutypa lata, Pers.

1192. „ loioplaca, Fr.

1193

Sta,ploton, Spring, 1880.

Ijoigli Woods, May,

Valsa (Coronophora) gro-
j J^^.^^^_^.y^ j^no, 1885.

garia, Lib. )

1194. Valsa (Loucostoma) nivca,
| Qjifi^i,^ j^jy^ 1879.

lloffm. )

ll^r,. Valsa (Cryptosporolla) ) -^^^-^^ q,^^^^^^ ^^^^ IggS.
hypodorraia, Fr. )

1196. Valsa (Oryptoapora) suf-
1 j^j^^^ (.^.^^^ g^^^ _^

fusa, Fr. )

1197. Valsa (Chorostate) hippo-

)

castani, Goohc. Grc.v., [ Stoke, April, 188G.

XIIL, p. 98. )

* Valsa (Chorostate) nidii-)^^^j,p^^j^
^^ Igs;}.

lans, N-ie.'ssI:. )

On dead stems of Euhus Idaus. Referred to Spharia rostellata Fr.

at No. 1083.

1198. Pscudovalsa fusca, Buch- 1 ^-^^^ Woods, — 1881.
nail. 3 "^

1199. Foncstella princops, Tul.
^ D^r^iham

Valsa fonestrata, B. 8f > powns, Sept., 1885.
Br. J

1200. Diaporthe (Tetrastaga) ) jjanham, Nov., „
uiajqualis, Gurr. )

1201. Diaportho (Tetrastaga) ")

j^^j
v i^v^oa^^ j„„c, „

roycllcTiR, Wee. )

1202. Diajortho
_
(Tetrastaga)

j ^^^^^ j,,,
Bcckhaiisii, me. )

J'
>'

1203. Diaportho (Tetrastaga) 7 Blaise Castle

circumscripta, Otih.^ ) Woods, April, 1883.

1204 r,T,.,„.i -J 1-71 7 Near Coomboi^U4. Oucm-bitar,.acupiilaris,Z'V.
J yj^„^^^ ^^^^^ ^yy5_

120,'». Ma,sHai'ia FcxidaTis, Fr. Blaise Castlo, May, „
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1206. Massaiia inqninans, Tode. Leigh Woo(1h, Mar. IHKO.

On Vilmrnum lantana.

1207. MassariaCurrci, Tul. Blaise Castle, May, 188.'').

1208. Lophiostoma (Lophios-
-

-
'
—

Jan., 1886.plia)ra) piilvcracea, > Pill,

Sacc. )

.
*Lophiostoma (Lophio- 1

^^^^^ ^ane. May, 1878.
trema) nucula, Fr. ^

j ' •'

1209. Lophiostoma (Lophio-
'^

trema) vagabundum, > The A von,.Summer, 1885.

Sacc. )

On dead stems of Spircea ulmaria.

1210. 'Lophiostoma fibritcctum, 1 Bln,(!k Rock

3 Quarry,Berk. July, 1885.

Mny, „

Dec, ,,

July, 1881

880.

1211. Lophiostoma caulinm, J'V. i 'q _.^'

1212. ,, arundinis, De ) . ,,

Not.
jA.shton,

12l;i. Lophiostoma (Lophi-
")

diura), corapre.ssnm, > Chedda,r,

Porn. )

1214. Psilosphasria pulviseuhi, ) „

Ourr. 5

121.5. Psilosphroriit, ohdneens, ) i u no • .,.,p^i '

j
licugli lioad, Spring, Ihl-

1216. Sordariii, sriaru'iuiic^ola, ?'fn-. ) ,.,, , o i ^oor
, ,

^ r, 1 77 I lie Avon, S., June, l0(S5.
veliitii,, pucknall. )

; ;
>

1217. Wordaria huuigiiiosa, i'/'. „ (i., S<4il.., ,,

1218. Spor'oi-mia socedens, /)''«(;/i;- 1 lihuik iloek

nall. j (^nari'y. May, „

I2I'.>. Melanonima fnaoidnliim) , i wr ^ mi lo^o
„ Y Leiu-h Woods, l^Ob. 18/'8.
isace.

J

*Oh]eria obdncons, Winter. ,, „ ,, 1877.

Named incprrcotly as Spharia pomiformis at vol. IT. pt. ii. p. :!'!'.).

*Anthost(mia italicum Sarc. The Avon, 8. June, 1885.

On do!ad Bt«!inn of Evpatorium cannahinum.
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1220. Didymoaplioaria conoidea,
")

Niessl, Orev., XIV., p. [ Lcigl) Woods, Juno, 1882.

U. . )

1^21., Zigiioclla soriata, Curr. Staplcton, July, 1879.

*Didymolla ga3pincolifoi'-

mis, Be Not. No. 114.2
' arite.,PlateVIII.,%.21.

*Lcptosphroria Micliotii, ")

j^^^ ^..^^^^^ ^ ^ggS.
West. Plate v., fig. 4. 5

' •"
.

On Iwigs of Berberis vulgaris.

The occurrence of this species on a aicotylodonous shrub is interesting,

it having hcon previously recorded only on herbaceous monocotyledons,

Saccardo giving Juncus, Andropogon, Scirpus, etc., as its hosts.

It is also instructive, as showing that too much reliance must not bo

placed on the habitat of fungi in the determination of species, when the

same plant may be found on members of such distantly related natural

orders as Ilerherideai and Graminem. Another species which Saccardo

places amongst those growing on monocotyledons in i'leosporaruhicunda,

Niessl., and this I have lately met with on a Chcnopodium.

1222. Loptospho3ria nectrioidos, )
j^^j

, ^^^^^ ^^ jg^^
bpcg. )

On Clematis vitalha.

I Black Rock

)
Quarry, Jan., 188G.

1223. Leptosphmria microsco-

pica, Karst.

ah..
1224. Lcptosplia3ria vagabunda,

j ^.^^ ^^^^^^^ y^,
bacc. )

July, 1882.
1225. Loptospli.'Eria aruiidinacca 7 St. Pliilip's

var. Qodini, Desm. ) Marali,

*Motasplia)ria coi'ticola,

Sacc. ^ 8peg. No. 114^
awfe,PlatcVin.,fig.22.

122G, Splifcrulina intormixta, I>. )

^ Br., var. Gorni. )

1227. Ceriospora xantha, Sacc. The Avon,

1228. Pleospora vulgaris, Nlessl.

1229.

Ou I'ltraj/milen and Vheruiiiodium

I'ubicuudii, Niessl. > ,m \'

) The Avon,

Jan., 188(1.

IJlaiso CJaKtlc, May, 1885.

Juno, 1881.

Fob. 188(1.
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Blaok Hock
1230. Pleospora vagans, Nicud.

Quafry, Spring, 1880.

1231. Ophiobolus urticro, Eahh. Blaise Castle, Ma,y, 1885.

1232. „ vulgari.s, Sacc. The Avon, ,lune, „

1233. Spliffirolla puiictiformis, I Brockley

I'ers. ) Combe, May, 187'.).

1234. Spliserolla fagi, Auersw. i Combe

1235. SpWla Tassiana, i)«
| jj.^^ (. Feb., 188(5.

Not. 3

123G. Spliajrella juncina, ^Iwersw. WeHtbury, Jul,y, 1878.

1237. Venturia ditricha, Ir.
j ^^^^^^^^ ^^^^.^ ^^^,j_

* „ ineequalis, Cko. Leigh Woods, Mar., 188(j.

1238. Pyronopliorapha3comoides, ") Black Itock

Sacc. ) Quarry, July, 1885.

On Tanaeetum vulgare.

1239. Pyrenophora calvesco,:i«,
| ,,,|,^ ^ j,^,j ;,gj,(._

ixia porichttJnoideK, ) ,, ., ,. iQon
p J , \ Cotliam, Jyiar., 1880.

1240. Anixia
Cooke

With Peziza misturm on a composition spread on apple trees (A.

Leipner, Esq.).



liriiiMl lit €mton in 1885.

By GEORGE F. UURDEIl, M.D., F.K.Mbt. Soc.

TABLE OF RAINFALL.

1885.

Average
of

y3 ycai-s.

De^iartnro
trom

Average.

Groatosfc fall in

ai Honrs.

Number
oi" (inys

m which
•01 in.

or more
fell.Depth. Date.

IndiOH. IllcllOH. luchoH. Indies.

Jiiniiiify . . 2-7:ir) :!-;5o:! -O-SGS o-5;!3 30(1. 11.

It'obvuiu-y . . ;!-;ii'r. 2-;!8(i -l-o-!)r)i) 0-517 2(ith 17

March . . - 1-221 2-l(i2 -0-91.1 o-;U)0 3rd 10

April . . . 2-181 2-()7r) +0-100 0-1.80 Int, 13

M:n,y . . . ;!-2r)G 2-;i(;i) + 0-887 0-511 21,si, 25

J luio . . . 1-7;!;! 2-(lM) -0-!)l() 0-375 23r(l II

July . . . 0-971. 2-<)l-2 — i-i)i;8 ()-5(i3 I8II1 (;

Auj:;ust . . 2-;?2;! ;!!.<) 1^ -1-171 o-(;ii) 2(;fii 11

Soptombor . 't-8'I.O ;!:»;( + 1-117 2-018 lOLb 9^>

October . . •drr)25 ;}-72i + 0-801 1-01!) 9th 00

TSTovoinbcr . G'42r) 2-!)i)2 +3-i;!;! 2-050 2»Ui 11.

December 1-235 2-82(! -1-591 0-1.09 5Ui 15

Year . . . ;M-7fl;i ;!i-;t]r, +-0-178 2-050 Nov. -29111 180

S6
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Remarks.—Tho rainfall of 1885 pi'cscnts no very remark-

able features. Since the unprecedented downpour of 1882,

when over 48 inches were registei'ed at Clifton, the yearly

totals have shown singularly little deviation fi-om tho

average. Tho average annual fall at Clifton, as doducod

from ohsorvations extending without interruption over thirty-

three years, is 34-315 inches. The fall in 1883 was 34792

inches, in 1884, 33-392 inches, and in 1885, 34-793 inches. It

may also bo noted that in each of these three years six

months have had an excess of rain and six a deficiency.

In 1885, during tho early part of the yeai-, tho dry and wet

-months occurred in regular alternation. June, July, and

August were all relatively dry ; September, October, and

November wei-c all wet. The driest month was July, with

less than an inch of rain, falling on six days only; tho

wettest was Novoraboi-, with nearly six and a half inches.

'I'liis was more than double the avei-ago for November, and

was, in fact, the largest amount that has been recorded hei-o

in that month.

Two very heavy diurnal falls were registered during the

year: on the 10th of September, 2-048 inches; and ou the

29th of November, 2-050 inches.

No moasarablo depth of snow lay on tho groand either in

the former or in tho latter part of the year.



Illctcnrologitnl #bscrijiitious,
AS HI'UIARDS

^ytmpcnttnrc, taiicii at Cltflait, 1885.

By H. B. JUJM', M.A., F.li. Mkt. Sou.

TIIR observations from which tho following tahlos aro

(Icrivod have been taken at 8.30 a.m. daily. The
'IMiermometers used, with the exception of that for tlic

Ground Tempei-atui-e, ai-e kept in a Stevenson cage ; and in

all tho readings the requirements of the Royal Meteoi-o-

logioal Society are strictly eoinjiliod with.

1885 TEMPERATURES.

MONTH.
Maximum in Sliade. Minimum in Shade.

1 Mean"
in Shade.

Minimum,
on Ground
Lowest

, recorded.recorded.
Mean. Lowest,

recorded.
Mean.

January . . 52-9 42-6 26-8 34-8 38-70 23-9

, February .
61-9 49-4 26-3 38-7 44-05 21-7

March . .
55-2 47-0 80-0 36-4 41-70 24-1

April . . .
69-1 54-0 30-5 39-4 46-70 27-3

May . . .
61-4 52-8 32-7 41-2 47-00 30-7

Juno . . .
78-1 65-4 43-1 51-6 58-45 38-4

:

July . . .
87-8 71-3 46-6 54-0 62-65 45-2

August . .
76-9 64-2 44-3 50-8 67-60 40-1

Soptombor .
69-0 69:7 32-9 49-4 54-55 29-1

October . . 55-9 50-7 32-2 40-5 46-60 28-7

November .

December .

57-2 47-2 29-2 39-5 43-35 24-5

20-151-3 43-5 22-1 34-2 38-85

The Year . 87-8 53-98 22-1 42-53 48-09 20-1

Year 1884 . 87-5 57-44 22-6 44-07 50-66 23-7

Year 1883 .

Year 1882 .

Year 1881 .

82-5 54-54 20-9 42-88 48-71 19-3

78-5
"

55-46 21-9 43-62 49-54 20-6

5-8H(r9 65-44 12-3 42-92 49-18
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MONTH.

Number ot Days
on which the
Miniraum
Ground

Temperature
was below 32".

Number of Days
on which the
Minimum

Air TcimpcriLture
wjIjB below 32".

Number of Dtiye
on wliioli l>lio

MjiNiiTitnn

Air TMinpcctiliirc

wn,H below :J2".

Number of Days
on which the

l\b!.-i,ii

Air ']'(ii(ip(;i-:vtiire

w:iirt below ^2".

January . . 15 1,2

February (i r>

March . .

\'.', 4

April . . . 4 1 ()

May . . . 2

Juno . . .

July . . .

Augrmt . .

September . 1

October . .

*)

November . (;
r

December . 18 10 1 ,4

Year 1885 . 68 40 1 6

Year 1884 . 51 . 10 1

Year 1883 . 70 40 (i

Year 1882 .
(;;> 2() 2

Year 1881 . 91 (iO 11 21

The following table shows that the mean temperature of

1885 was rather more than one degree below that of the

average of the five years 1881-85, and tliat nine of iiw

numtlis wore colder tlum the avci'a.go ; only I'ubruary, June,

and July bciing wai'inei;.



METEOROLOQICAr, OBSERVATFONS TAKEN AT CLIFTON. 5!)

MEAN SHADE TEMPERATURES OF THE MONTHS.

ism. 18H2. ]S83. ISHli. 1H85.

Mon.n
of liMvc

Years.

JiiHuavy . . 31-77 40-67 42-29 44-17 38-70 39-62

February .
39-30 42-59 43-34 42-30 44-06 42-32

March . .
42-96 46-72 37-01 44-90 41-70 42 -4(;

April . . . 47-33 4«-83 47-51 45-01 46-70 47-07

May . . .
54-45 53-75 49-92 53-35 47-00 51-69

Juno . . . 56-87 56-04 67-21 69-85 58-16 57-68

July . . .
66-89 59-65 57-21 00-73 62-66 61-23

August . . 68-77 60-20 60-63 64-60 57-60 60-32

September . 56-62 53-91 55-35 59-41. 61.-66 65-97

October . . 46-48 50-23 49-67 48-90 45-60 48-18

November . 48-35 43-68 4,2-80 41-60 48-35 43-96

December . 40-77 39-81 41-45 43-15 38-85 40-81

The Year . 49-18 49-54 48-71 50-66 48-09 49-21



incuts an il^t JUgibitir oi Cljuins.

By Pkofkskok, W. H-AMSAY, Ph.T).

(Abnlract of Loclure (jiven January 1 Vli,, 1.<S8().)

ri^llil'jSE experiments sliowed tlio rigidity of matter in

-L motion. A rapid rotary motion being given to an

endless chain by )no;iiis of a pulley over wliich tlio chain

is Rnspendcd, it is seen that the chain resists any effort

to change its foi-m ;
and convorsoly, if its form bo changed,

it retains the altered form foi' some time, slowly resuming

its original appearance, however, under the sustained pull

of gravitation. Among other experiments, the propagation

of waves, and in particular of the complicated form of

wave produced by a bend or kink in the chain, was ex-

hibited ; and by supporting the chain on a smootli surface,

while pressing it between two revolving pulleys, the chain

was caused to stand on end, ea,ch liidi being shot into the

air on i)assing between the pulleys.



(in i^t €x%imxl ioxiUxtmi nf Jflixitts.

]]y Prof. RAMSAY and Dr. S. YOUNG.

(Ahstraci of Paper read March 4<th, 188G.)

T' I*" a liquid bo licatcd in a closed space, it evolves vapour,

-L wliich exerts pressure on the walls of the containing

vessel, as in tlie well-known case of water in the boiler of a

steam-engine. At the same time tko liquid expands, and

thereby grows specifically lighter. If the temperature bo

raised, the vapour grows more dense, for pressiiro is rapidly

increased ; and when tho liquid by expansion acquires a

density equal to that of tho vapour, rendered heavier by

compression, the vapour and liquid mix, and indeed can no

longer be distinguished from each other ; tho fluid matter,

under such conditions, is homogeneous throughout. To such

a state for every liquid correspond a particular temperature,

pressure, and volume, and this state is named "critical."

It is thus proved that there is no abrupt transition from tho

state of liquid to that of gas, but that tho two conditions of

matter arc really continuous. This ci'itical condition was

exhibited with sulphuric ether, and the effect of altering

temperature, pressure, and volume experimentally demon-

strated.



**
cSIccp anb Jxtmus."

By 0. MUNRO SMITH, L.R.C.P.Loni)., M.R.C.S.

February Uh, 1886.

IT is ohviniis tli.at tho stibjeot I wish to call yniir '.liUmiMtn

to this cvoning is a very wide one
; for the considor-

fition of the nature and phenomena of sleep in all its

forms necessitates also an investigation into the nature of

life itself which is its antithesis, and death which it

mysteriously resembles ; and if wo endeavour to follow

some of the questions involved to their limits, we shall

find ourselves embarked on a sea of stormy metaphysics,

in which there is great danger of being hopelessly over-

whelmed. To avoid this as much as possible, I am, anxious

to confine myself chiefly to some of the fiicts and theories

bearing upon the causation of sleep. To do this with any

hope of success, we must try to break into the region of

poetry and romance, to rescue the subject from the fatal

moonlight glamour in which it lies, and to expose it to

the daylight of physiology. I do not mean to imply that

this has not been done before, and I certainly i do not

in tin's paper claim any originality. Dr. Carpenter, M.

Mauray, Abercrombie, Dr. Simmons, and many others have

carefully investigated it in a scientific spirit, and have

thrown great light on it ; but most people seem inclined

cither to take; it for granted that to go to shxip is part of
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thoir natiiro, and therefore needs no fntnro investigation,

or on the other hand, to leave the whole question in the

hands of the poets. The fact that we lie down to sleep

every night does not make it any the less extraordinary
;

and on the other hand mci'O wonder will not help ns to

knowledge.

It is impossible to understand the subject unless we
consider it in a wide sense, and include not merely the

alternations of mental rest and activity through which wc
pass, but also the hibernation of animals, the sleep of the

vegetable world, the rest of individual cells and organs, and

even, perhaps, the death-like trance of the seeds of plants

which has been known to extend over thousands of year's,

the germ of life being quieseont but not destroyed. This

is a wide range, and loads us into such far fields that

wo can only wander over a small pai't of the ground,

stopping when we come across facts or thoughts that bear

on the question, "What is sleep ?
"

Wo may first notice that in its broadest sense sleep, " the

wide blessing," is univoi'sal amongst organised beings ; it is

necessary for them at some period of their existence to

slacken their activities, and rest awhile to gather fi'esh

strength. Organisms whose existence is tranquil and

languid do not as a rule require such frequent and regular

intervals for repose as those who live fast(!i'. Creatures of a

sluggish nature, and plants whose growth is genei-ally slow

and careless, do not stand in such need of constant I'enova-

tion as animals with muscles that arc frequently on the move,

and nervous systems that see and hear and think and feel.

This may bo said to be the chief function of sleep—to allow

the used up force to be replaced. The repair is probably,

as Herbert Spencer points out, as rapid during the day as

during the night; but whilst awake tlu^ waste greatly



Gl. " ST.EEr AND DKKAMR."

exceeds it. During complete rest, on tlie otlier liand, rejiair

greatly cxcoods the waste. But I think it has other uses.

Some animals, for instance, such as the dormouse, pass the

coldest part of the year in a state of hibernation, in which

condition their activities are reduced to the very lowest ehb

consistent with life. Their breathing is shallow, the

heart-beats are feeble and slow, and their brains and

muscles are at almost absolute I'est. Only now and tlien,

when warmed by an unusually mild day, does the circulation

quicken, and across the sleepy brain comes a dim vision of

the nuts that the creature has laid by, and an impulse to

get up and eat.

It seems to me that this is not merely a provision foi-

recouping its energies ; but it keeps the little beast in a

state of security during a dangerous time of th(i year, when

food is .scarce and protecting foliage gone ; when it would

stai've if it recjuii'cd as much food as in summer, and

when it would be more easily captured by its enemies

because it would be more easily seen than in leafy

seasons. In the case of the dormouse tlie energies Avliieh

make up life iwe latent, waiting for the w.armth of the

spring sun to act as a stimulus and awaken them. This

strange phenomenon of " latency," which must be cai'ofully

considered in reference to sleep, may be illustr'ated by

another cxamjile. Take a fowl's egg that lias been laid,

say, a week. Leave it alone, and in a month's time it will

be about fit for the London market ; leave it a year, and it

will be scarcely fit for that ; it dies because it does not

receive the right stimulus to rouse its activities. But put

this egg into a warm incubator for three weeks, and, barring

accidents, presently outsteps a chick. The warmth ha.s

awaJvcned it to life.

Look iii anothci- instance. Tjast August, when in Corn-
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wall, J was told that some peas on a dinner table woi'o tlio

direct descendants of a few shrivelled seeds that were found

enclosed in the hand of a mnmmy. They had grown in

l^jgy|)t in the titno, pei-haps, of the Captivity, and liad lain

in their strange hiding-place ever since, in hopes, getting

fainter and fainter, of a resurrection to life. They were

[)lantod in England : some grow, flowered and bore seeds,

which in their turn gave rise to many descendants. It is

not, I think, pushing the phrase too far to say that these

seeds had been asleep. Their energies had lain dormant, not

dead, and they merely wanted the right stimulation, viz.,

moisture and warmth, to re-animate the germ within them.

In the case of the seed, the egg, and probably the dormouse,

some stimulus is nocessaiy to make the latent energy

potential. There appears to me to be a gi'eat analogy

between these cases and the sleep of man, which is de-

pendent, as 1 hope to show, on the withdrawal of stimuli,

and requires tlie action of stimuli to convert it into the

Waking state. This is at least partly true. Withdi'aw all

stimuli, and under certain circumstances sleej) will be

iiulnced. This will be made clear by a.n example or two.

What do we usually do, for instance, when we wish to sleep.

Some people can do so anywhere and at all times ; they

have mei'oly to lie down, close their eyes, and they become

unconscious in a few minutes. But the usual thing is to

earefully witlidraw, as much as is possible, everything that

can excite the mind or body. We lie down, and by so

doing distribute tlu; j)ressure as much as we can. over our

surface, so that the feeling of contact is diminished, aiui

this is aided by the softness of the bed. Tlie attitude we

assume, moreover, is that in which the muscles are nu)st

completely at vv.nt; but the curled up posilion, with the

knees drawn uj), is i)iU'tly also for tlu^ sake of wn-rinlh.irawn up, is



60 SLKJlll' AND DIJKAMS.

Almost all. animals I'oll up in this way, and especially in

cold woatlier. In fact, tlic more effectually we can l<c!i^p

olT any kind of sensation IVoiri. oui- l)odi(!,s, wlKilJiei- ron,i;li-

n(!ss, cold, oi- pressure, tlic mon) readily w(! sliall, sleep.

Then \v(^ t;'et the room as (^aiet as ])ossible, the stiller the

better, and we keep oat the light and close onr eyes. Plero

iigain our object is to keep impressions ol'F onr run'vous

systems. JJy these means we isolate ourselves from the

external world; the sights and sounds and manifold

sensatitms of the day are withdrawn, iind the only dis-

turbing causes are stimuli from within. These are chielly of

two kinds : (1) internal pain or discomfort, the action of

which in preventing sleep is obvious ; and (2) the activity

of the higher tiervous centres, especially our thoughts,

which act in much the same way as external stimuli. Each

thought, if vigorous enough, engondoi's others, and the mind

is kept in activity. This is not of itself, however, suflicient

to intei'fere with sleep if the brain be exhausted, unless

the ideas which pass through the mirui are very strong

or painful. The sleep of early childhood, when, thoughts

have not developed into tyrants, appears to bo never broken

by anything but bodily suffering. It is curiously regular,

" full of sweet dreams, and health, and qiiiet breathing."

Most people find by experience that it is important to

direct the current of thoughts into smooth, channels, and

as we cannot always control this current, there are many

devices for keeping it within bounds, such as counting or

repeating to one's self some monotonous sentence or idea

;

for example, the well-known story of the sheep going one

by one through a gate. Keats spoke of sleep as the "low

marmurer of tender lullabies," and anything with a slowly

alternating cadence or see-saw tune is very potent in ])ro-

ducing it, and monotonous sounds, such as falling I'ain or the
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sound of distant wiitor. Tlio mere reading of Tennyson's

" Lotos Eaters " makes some people drowsy. liliythniical

sensations, too, act in the same way. The vampire bat is

said to fan his victim to deepen his sluinbei', and I have

been told that gently patting a bahy will act in the same

way. The cradle will also serve as an. example of thi;

same thing. The object in all these devices is to keep the

mind as nearly as possible in a state of vacuity by substi-

tuting the very simplest mental process for the more

exciting one ; withdrawing tlie stimulation of thought.

A remai'kablo case was recorded by Pfliiger in 1877. A
boy had, from disease, .lost the power of feeling over almost

the whole of his body, and had become deaf in one ear and

blind in one eye. He had, therefore, only two channels by

which extrinsic stimuli could act upon his brain. When
the sound eye and oar were closed ho almost immediately

fell asleep. It is a well-known fact that if you softly wrap

up a frog's head in a damp clotii, it lies pei-fectly still

and happy, its nervous system in absolute repose, because

the excitations which keep it awake are removed.

The point I have been trying to keep in view hitherto

is this : wc possess, in common with most other aninaals,

several distinct senses, by which we arc kept in communi-

cation with the external world. Tliis communicaiion

constitutes, in fact, our active life. Our central nervous

system, which is the great I'ccipient, is assailed and battered

by sights and sounds, scents and feelings, coming from

our environments, a,nd if in good woi'king oi'der it reacts,

and our actions and thoughts are to a great extent the

result. Our very life is, in fact, more reflex than wo

imagine. Cut off tliose communications, a,nd our outward

life ceases. This may, pcrhai)s, be made cleiirer by a

diagram. (Fig. I, I'late IX.)
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After a certain number of y(!iir.s tlio cerebral cortex be-

comes more automatic and less dependent on stimuli from

without. It lives on past perceptions; and just as wa,lkinf,'

at first requires every movement to be carefully plainuid,

yet after a time biicoraes an unconscious action, so the

nnmborless impulses ca-rried tlirough many years to the

cortex, arc stored up by it as experience and memory.

I think, therefore, that what we call wakcfiilncKS is, in a

groat measure, the result of the action of our sui'ronnd-

ings on our easily stimulated nerves; and other things

being equal, the more excitement and activity ii,nd fi:ic;tioM

that go on around us, the more vitality will be called forth.

This theory does not, however, altogethei' explain matters.

We are the servants of habit a,nd the slaves of instinct. It

is the l!i,w of the animal world that at some period during

the twenty-four hours we should sleep, and we inherit this

habit as we do others. We sleep because it is our instinct to

do so, and this instinct cannot be broken through. It is a

part of that rhythm which runs through nature. We have

accumulated it during thousands of years ; but even during

the comparatively short time that man has set apai"t one

day in the week for rest, some people have already ac(iuirud

a " seventh day's resting " instinct, and can tell without

an almanack when Sunday morning comes round by the

indifference they feel to exertion; and there is no doubt,

I suppose, tliat some domestic animals experience this to

a certain degree. This, then, is another reason of our

nocturnal i-ost.

Now it has boon stated that the immediate cause of sleep

IS a bloodless condition of the l)rain; this, indeed, is tlio

commonly received theory. With whom it originated J

do not know, but Dr. Hammond and Mr. Darham proved

pretty conclusively, from experiments on animals, that the



" SLEEP AND DRKAMS." 69

brain is palor during sleep than when awake, and Dr.

Hughlinga Jaclvson examined the arteries of the retina

of a man, and found them contracted after he had been

asleep some time. The large arteries in the nock are called

tlie carotid, from the verb Xapoo), to sleep, because when

they are firmly pressed, and the brain thereby deprived of

blood, the subject becomes unconscious. Miuiy of us know

that one way of getting to sloop is to oat a good dinner,

and then sit in an arm chair with our feet to the fire. The

explanation usually given is that the dinner draws blood

to one part, the lire to tlie other, and tho amount of blood

in tho brain is thereby diminished.

There are, howevcsr. Treasons for thiidcing that this con-

dition is not tho cause of sleep, but tho eonsoquenco or

concomitant. We sleep, and then our circulations become

more languid, and the brain, where the flow of blood meets

with mauy imp(!dinients, suffers with tho rest of the body.

Tiuire is no good ground fin' supposing that our brains

become anaaniic towards niglit, and there are, moreover,

obstiM^es to the diminution of bh)od in the luiad which do

not exist elsewhere in tlie body. Tliore is, n(!vo7'thoh;ss,

a period, ranging from about 12 p.m. to 4 or 5 a.m., during

which the tomporattire, and probably the circulation of tho

body, are lowered, independently of surroundings. This is

the feeblest time of the twenty- four hours, and the time when

death is probably busiest. It may bo compared with the

other rhythmical phenomena of our bodily functions. But we

do not find the depth of sloop coincident with this decrease

of temperatnro and languid flow of blood. Direct experi-

ment (according to Hermann) shows that it increases in

intensity from the commencement : first quickly, then more

slowly, till the end of the first hour, and then it gradually

diminishes towards morning.
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Anotlior liy])oi-,liosiK as to the immcdiiito canso of sloop is

his: tliat as the novvos aot tluiy undcii'i^-o chtimioal cha,iin'o,

and the wasto pTodncts of tlioir activity accumulate diii'ing

the day and clog their action. This is an insnfficient expla-

nation on various grounds, amongst others, that those waste

products do not probably accumulate more in tho bi'ain

than in other parts, such as the heart muscle, and there is

no particular reason why they should be removed by sloop.

Another undoubted reason of sloop is tho most certain, viz. :

tho mere exhaustion of the norvo cells. No pai't of tho

body can go on for ever, and some parts require i/onewing

or resting more often than others; the norvo cells appear

to require nearly a third of their time to re-create them-

selves. I tln'nk we may give the three main causes of sleep,

therefore, as follows :—(1) Exhaustion of the nerve colls
;

(2) withdrawal of those stimuli fi'om tho norvo cen),rcs

which, tend to keep them awalce ; and Qi) inherited habit.

Amongst tho many interesting en(.|nirics that have

occurred to mo whilst thinking about the subject, 1 vvill

confine myself to two or three.

(1) As to the average quantity of shop. This is, to a

very great extent, a question of habit. Any one who sleeps

nine or ten hours out of the twenty-four, fools drowsy if

suddenly obliged to take only eight. If an ordinary man
accustoms himself to six or seven, ho will be as active

during the day as if lu! took eight or nine. Individual peca-

liarity, no doubt, makes a difference
;
quick bi'ains as a I'ulo,

I think, require loss than slow ones.

Tho accounts of saints and hermits, who only idlowod

themselves four or five hours a night, are quite oredible ; in

fact, the more sleep that is taken over and above sovon hours

I)robably diminishes the activities of tho daytime. It is

stated that men who are capable of long continuous mental
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application arc also able to stoop iniintciTuptcdly for fifteen

or even thirty hours ; but T ciinnot vouch foi' this.

(2) To ivhat extent is deep dreamless? Before answering

this we must try to get some idea as to what dreams are.

It is a very obscure subject, as is to he expected ; for dreams

are chiarly modified thoughts, and " thought " cannot be

explained. But we know, from tlie experiments of disease

and physiology, that wc; ca,nnot think without a brain

and the only part of the brain that feels and originates

ideas and movements is the surface : what is called cortex

or rind. This is composed, as we find under the microscope,

of fibres of different kinds, blood-veSsels, and large irregular

bodies called nerve-cells. {Fig. 2, Plate IX.) Those cells are

undoubtedly the seat of thought. That is about as much as

wo oan say. Whether they manufacture thought as a liver-

coll manufactures bile, or whcthci' they are the machinery

by which thought works and manifests itself, as the locomo-

tive is the apparatus by which the force of steam may make

itself felt iiiid seen, wo cannot say.

Those cells, therefore, are concerned in dreams, which

are our sleeping thoughts, and it will thi'ow light on the

subject if wo stop to incpiire what the functions or duties

of those colls are : (1) They think, or are the only organs

of thought. (2) Thoy originate movement (this function

is really a kind of thought). (3) They feel. (4) They act

as modifiers of other cells or other nerve impulses, con-

verting the latter from sensation into movement, etc. ; and

(•'>) They have the power of restraining or holding in check

most of their other energies. This hist, which is often lost

sight), of, is in one way the most important of all, heoauso

with.ontHt^tho others would be as useless as a runaway horse,

l-^^or instance, in convulsive diseases, such as tetanus, they

lose the command over themselves, and on'ginate move-
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monts at random. In madnoss, tlioy Ioho tlioir control,

and thoughts arc ponrod out in ahnndant and wild confusion.

This gift of" inhibition," as it is called, is much allied to

the passive form of "will," and it seems to mo that in .sloop

its effect on thoughts is paralyzed. Oiii' sleeping ideas

aro rarely orderly or consecutive. They arc not linked

together by cause and effect as in our waking hours. Wo
reason, but wo alter our premises in tho wildest mannci',

and the conclusions we arrive at aro ridiculous. We do

not see that they are so, booauso tho sense of humour,
which I venture to define as a keen appreciation of cause

and effect, is absent in sloop, or almost so.

For example, T remember di'caming that the day of judg-

ment had come, and I was waiting in a garden with some
friends to hoar the awful verdict. In the path of the garden

was a round trap-door. We were told that this led down to

the bottomless pit, and we had to jump over it. If we suc-

ceeded, wo were saved; if not, not. This dream was voiy

vivid, and I was in mortal torroi,' ; but it never struck me.

that tho whohi thing was ludicrous. My sense of bathos

was for tlio time completely gone. Most people have similar

experiences ; in fact, we aro for the time mad, and our

thoughts ramble at their pleasure, without their keeper

—

the will ; and when, at waking, they aro gathered into leash,

and put in order, wo often do not know that they have been

busy at all. The workings of tho mind are not corrected

and altei'cd by tho impulses from the outer world, which
modify their action in the daytime. The disorder of dreams

seems to mo capable of partial exjilanation on the theory I

have ali'oady mentioned at some length, viz. : tho withdrawal

of stimuli. It is curious how wo forget what we have hc.v.u

dreaming about. Peophi have nightmare, scream arul kick,

and obviously .suffer in their minds; yot if you ask them at
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l,lu^ hi-oiikfast. tablo what thoy have droamt of, tlioy answer,

" NoUiinp;." Tills is not so often the case if wo try to

I'cmombor the moment we wake what we liave dreamt of

;

but even then it often requires an oifort of memory to recall

the dreams. .'By some train of association of ideas, many

people do not remember the dreams of one night until they

are on the point of going to sloop the next, when they sud-

denly come back to tlio mind ; and sometimes trifling inci-

dents in the daytime recall forgotten dreams. M. Mauray,

in his work, " Lo Sommeil et les Roves," discusses the

question wliy some dreams are remombei'ed, others not, and

suggests thii-t those occurring just before waking, and par-

tially mixed with consciousness, are those fixed on the mind.

But thor(! is no proof of this ; and, indeed, there is no more

reiiKon why we should remember all our night th(nights than

all our day ones. It is difficult to ascei'tain, therefore, to

what extent sleep is di'oamloss; but on theoretical considera-

tions, I think it is very ivai/ely, if ever so. It is not likely

that the functions of the brain should be in complete abey-

ance
; and we know that people dream without any memory

of having done so, as in chlorofoi'm and nitrous oxide sleep,

ill which they talk, gesticulate, laugh, swear, sing, and

behave in a manner which clearly proves their thoughts

are active enough, but when they como to themselves they

are geniiriiHy oblivious of it. 1 think, therefore, in ordinary

sleep dreams are the rule and not the exception ; but, as I

liave said, it is a difficult point to settle. People do not

care to bo experimented on either. If you creep into

your friend's bedroom at four a.m., and suddenly wake
him with the (piestion, "What are you dreaming about?"
ho is generally rude ctiough to tell you to go—elsewhere;

iMid, moreover, there is a, souT'ce of fallacy in this experi-

mental nuithod, which T sliuH mention du'cctly. That the
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mind is very often iicfciv(! in siciep is an oxpcrionce ol' most

of US, cspocifilly just ,is we are falling of!'. We often see

hings more clearly then, and fr'ora. a more unbiassed stand-

point than we do in full waking honrs, and ideas flash into

the mind that are arrived at in the daytime only by laborious

thought. There is a elassioal illustration of this in the

fourth chapter of the Book of Job ; and the thoughts that

came into his mind then were so distinct that they appeared

to bo uttered by a spirit that passed before him. There is

another celebrated instance. One of the most extraordinary

and beautiful poems in our language was composed during

sleep. I refer to Coleridge's " Kubla Khan." *

The explanation I oJTei' of these cases is, that the fancy

and imagination (which appear to bo connected in some way

witli rapidity of thought) are loosened from the controlling

and sometimes deadening influence of the will, and are not

modified by impressions of sight and soxind and feeling, as

in the daytime!.

These instanoes, and there iiro ])lcnty mori!, show tlnit

during sleep the thoughts are active enough. It is natural

that ])eople should think during the night of events that

have happened in tlie day, iind these fire woven very often

into our fancies. A remark made by the late Dr. Sym-

monds, in an article on Sleep, struck me as being good : that

dreams cannot distinguish between realities and memories

;

and the memories become more vivid because the constant

irTuption of the thoughts and feelings is stopped. In the

daytime concentration on one topic, by excluding these

disturbing influences, causes a day-dream, which may bo

exceedingly vivid, and may, perhaps, account for many of

the so-called apparitions that have boon recorded.

* Traill's " Life of Colciidgo," ]). (il.
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Anotrlior very oxtiuordinary ])liononioiion of sloop is tliis,

thai; durinuf tlic few soconds of waking a droam may take

placo which appears to extend over liours of active life. It

is nai'rated of a soldioi' tliat lie dreamt ho had deserted

the ranks, liad boon sc^archod for ami found, had up before

a court-martial, and condcmiiod to be shot. He had a vivid

picture of the place whore ho was to bo killed, and ho awoke

with the report of the guns. This report was actually a

signal gun, which, oansed all the rest of his dream. The

noise which made the droam appoai'od to end it and be its

consummation.

T)r. lAloming compressed the carotid a,rtorios of some men,

and generally found that during tho few seconds that thoj

woT'o asleep they had apparently hours of active dreaming.

This is a marvellous illustration of rapidity of tliought.

Tho idea of time is ignored by tho half-awako brain. In

tho first instance, of course the dream occurred aftor the

gun-shot, but tho mind did not distinguish between past,

present, and fntnrc, and projected tho incidents backwards,

so to speak, instead of in their light sequence. I should

like to hoar a good explanation of this. It is because tho

method of waking may be the cause of dreams, that it is

useless to arouse any ono suddenly in oi-dcr to ascertain

what thoy are dreaming about. It has been pointed out

to mo, that when wo hold conversations with imaginary

people in our sleep, we do not know beforehand what answer

We shall got, and are sometimes surprised at it, although

we, of course, make tho answer as well as tho question, our-

selves. This is an instance of tho disconnected condition

of our thoughts, and also of tho rapidity with which they

change.

Certain dreams arc very common ; ono especially, which

IS riu'ely (piito tho same in any two people, but is something
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liko ijliis: you imagino yourself to be eitliev vviiJkino- or run-

ning, and take longer and longer steps
;
presently you find,

to your groat joy, that you can, by a slight effort, keep olT

the ground for a long time, and finally that you can float

along without touching it at all, and swim through the air in

an upright or flying attitude. It sometimes takes the form

of jumping, or luthor floating, down flights of stairs, rarely

getting to tlio bottom. These phonorruina a,re probably allied

to giddiness, and may be duo to a too languid or disturbed

circulation in the brain. Whether the dream is pleasant oi'

not, seems to depend very much on tlie bodily eoiulition.

Aborcrombie narrates the case of an. old geniJiMnan lu; knew,

who, forty years before, had been pui'suod by an infui-iiittid

bull ; since that time, if ho indulged in too heavy a supper,

he almost always dreamt that this hoast wiis after liim.

The usual foi/ms of nightmare can be caused in some people

with great certainty, by eating certain kinds of food at night

and lying on their backs. They ar'o most likely due to

sympathetic disturbance op the liea,i't iuid circulation, iuul

actually accompanied by piiin or' disconirort; but why thciy

sliould assume tlio shape they do, of intense desire to escape

fi'om some liorrible danger, with complete inability to do so,

I cannot say. The nervous impulses which we are anxious

to send to our muscles, seem incapable of going down their

channels, probably because the nerve fibres lose their irrita-

bility, and do not I'cspond. In some very vivid dreams this

is overcome, and the alarmed sleeper jumps out of bed.

There is a case described of an officer who could be induced

to dr(;am by whispering in his (iar, and was often made to

imitate the actions of swimming, and even of firing a pistol,

by being told to do so. This is remarkable, as being on the

border-land of mesmerism. It is noticeable that in this case

he never had a,ny memory of tlicsci violent dreams when ho
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iiwolco
; and tlic Kubjcct of a mcsnicric traiico liiis no recol-

lection of what ho has done whilst in that condition.

Another cnrious point is this : many people declare tliat

they can wake at any time tliey like by merely deciding to

do so when they go to bed. There is cei'tainly some truth

in this, bnt it is complicated by the fact that when the

niental alarum is set for a definite hour in the morning, one

is apt to wako not merely then, but several times before;

in fact we are on the qui vive all night. Nevertheless, it- is

too often done correctly to admit of much doubt, and is a

striking illustration, I tliink, of the activity of the thoughts

during sleep without our retaining any memory of them

when awake. I have tried this on myself, with, partial

success and sometimes disastrous results ; for example :

—

Sept. 2iHk. Set my " brain-clock " for 7.15, woke at C.15,

and then slept soundly until 8.45.

Sept. 28th. Set for 7, woke about 4.30, then at 0, and

then not till 8, thereby losing an important engagement.

Oct. 2Gth. Set for 7.20, woke at 6, and then at 7.20.

(Note.—Had no special business early, so did not worry

about waking.)

Some of my fiiends have been more successful. A., for

example set for 4 a.m., and woke at ten minutes to the hour

;

woke several times before. Set for 3, and woke almost

exactly at 3, and did this several nights running. The

same when set for 6. Set at 4, woke at 4.10. B., can always

do it by tapping the required time with the fingei's whilst

going to sleep, etc., etc.

The phenomena of mesmerism throw some light on the

nature of sleep. The subject mesmerised or " sensitive," as

«he or he is called, must either, I think, have a will that can

be dominated or subjugated by a sti'onger, or must have

[lower of intense concentration on one thing, to tliethe
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exclusion of all others ; must in fact be able to block up all

senses but one, as cfEectually as wo do when we draw the

"curtains of repose" at night. If tlio eyes or attention

waver or wander, the experiment is a failure. It is in fact

a " withdrawal of stimuli," and true mesmeric states can be

explained, I think, on this hypothesis. In 1850 two itinerant

Americans came to tliis country and produced a great sensa-

tion by mesmerising people. They made the subject of the

experiment look tixedly at small copper plates which they

held before the eyes, and hence they designated themselves

by the ridiculous name of electro-biologists, a name which

has clung over since. Mr. Braid took up the question and

soon discovered that any small object would do as well as

copper, the only re(|ui.site being that the person operated

upon looked steadily at it for a long enough time.

There is an imrDcnso amount of humbug clouding the

subject, and it alnu)st baffles investigation, because you can

nevei' be quite sure that the people yon are dealing with

will not act or deviate from the truth.

Mr. A. G. Leonard, of the Psychical Research Society, very

kindly arranged a mesmeric seance iov my investigation,

and I think it would perhaps interest some if I narrated my

experiences. I have not trusted at all to memory, but made

notes at the time, many of wliich were seen by others

present and endorsed. The seance was lield in London, in.

the rooms of the above society, at 7 o'clock on the evening of

Saturday, Dec. 13th, 1886. There were present the following

(I give these names in full, as a guarantee to some extent of

tlie authenticity of the proceedings) : Rev. H. P. Gurney (of

Wren & Gurney's), Felhjw of Clare College, Cambridge,

Messrs. Jebb, Charles Downing, Vladimli' (a Russian artist),

A. G. Leonard, B.A., Lend., W. G. Leonard, G. A. Smith,

G. D. Hornblower, tlie sensitive, named Conway, and myself.
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Mr. Conway, who is a spai'c but .sti'ongly built man of

about thirty, witli (|^uiet, somewhat determined face, good

colour, and dark blue eyes, deep set and lutlior dreamy-

looking, sat in an easy chair whilst Mr. Gr. A. Smith made
downward passes with his hands as near his face as possible.

His eyes gradually closed, and in a minute or so he appeared

to bo asleep. Mi'. Smith then told him to open his eyes, he

replied tliat he could not ; but after a few attempts and some

more passes he succeeded. He was now supposed to be in

the hypnotic condition, and seemed unconscious of anything

in the room besides the mesmeriser, who proceeded to put

him through different delusions. Ho told him that he (the

sensitive) had a cold, and he began almost immediately

to sneeze ; ho asked why ho was so miserable, and he began

to ei-y
; what ho was laughing at, and he stiuightway rang

out peals of laughter, and so on. He acted the part of a cat,

and waited near a hole for mice, scratching any one who
inteiTuptod him, and did other extraordinary things, but

Would not or could not hear any one but the mesmeriser, and

when lie was pinched or even pricked witli a pin he paid no

attention. When, however, I gently inserted a pin beneath

his nail, ho withdrew his hand. It was then suggested that

what is called "community of sensation" should be tried.

The mesmeriser stood behind the sensitive (who was in an

arm-chair) and held his hand. The latter was then care-

fully blindfolded with a handkerchief. I then touched or

pinched Mr. Smith in various parts of his body, and the

sensitive was thereupon questioned as to whether ho felt

pain anywhere. He was tried in this way thirty-four times,

and was right twelve times, besides once when there was
some doubt ; but of these twelve, five were [)artly capable of

explanation by movement (shrinking) on the part of the

person pinched, and three were when he was not being
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tonclicd at all. It sliould also bo stated, that in spite of

hints to the contraiy, conversation went on in the room, so

that (on tlio supposition of "shamming"), the subject might
have gathered information.

Mr. Edmund Gurney (late Follow of Trinity College,

Cambridge, Hon. Sec. to the Society for Psychical Re-

soai-ch), arrived about 9 o'clock, and suggested that Conway
.should bo tried with "community of taste." Accordingly

Mr. Smith stood as before behind him, whilst Mr. Edmund
Girrncy Inmded him small quantities of powdered condi-

ments and drugs. As Mr. Smith placed these on his own
tongue, tho sensitive was asked what he tasted. Ho was
occasionally right, but on the whole it was not considered

satisfactory.

Tlirough tlie kindness of Mr. Leonard I attended another

seance, at which the subject went through still more ex-

ti'aordinary pranks, but gave me the idea of " acting a part,"

but on this hypothesis he must have been a splendid

comedian. One thing which he did appeared very strange.

Tlio mesmerisor, in this case Mr. Leonard, told him he was
a Dutch clock, and ho became immediately stifF and rigid,

and struck the hour when told to. Whilst in this condition

he was placed with his head on one chiiir and his heels on
another. He remained in this trying posture for 4| minutes,

and resisted pressure made upon his body. His pulse was
cpiickoned, but there was no other sign of excessive muscular
cffoi't.

Dr. Cromen, of Cork, records a case of morbid somnolence
in a patient who passed into asomewliat similar ciondition to

the mesmeric one whilst in tho hospital He continued in

this state sometimes for four days. When placed with his

lioad (HI one stool and tho heel of one foot on another, witli

tho other log elevated at right angles, he snpported a weight
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of 40 lbs. on his chost {.Plate X.). Dr. Crornon scorns to

ontortain no donbt as to the perfect reliability of tlioso

symptoms. I may stato that tho above position oan be

assumed with a little practice. I have remained supported

on two chairs for some minutes, and hn.vo whilst in that

condition borno a man's weight for a second on my chest

without bonding my body.*

Mesmerism is witliout doubt something moro than a moro

fancy ; Charcot's results in Paris prove this, without other

testimony. It throws light, I think, on tho cause of sleep,

and seem explicable on tho theory of concentrated attention.

Tt requires further investigation, not so much credulity, and

not so much a priori scoffing.

Tho artifioiiil sleeps produced by opium, cannabis indica,

bromides, etc., is often of an extremely agi'eeablo character.

Do Quincey, the great l<]nglisli oyiium cater, has given

graphic descriptions of his luippy intoxication, and declares

that his favourite drug possesses the keys of Paradise. Tn

Dumas' " Monte Ohristo " it says, speaking of hatchig, a

similar drug :
" Taste of this, and the barriers of tho im-

possible disappeai', the fields of tho infinite arc thrown

open, and you walk, free of heart and free of spirit, in the

boundless realms of reverie." Opium seems to dull all

tho afferent norves, all those 1 mcaji which c'arry imi)ulses

to i;ho brain, but loaves tho functions of tho cells them-

selves only partially interfered with. It is difficult to say

why it so often causes pleasant dreams and sensations.

Tu mndndoH, 1 should like to recall tho chief theories

1 have attempted to keep in view, viz. : 1st. That sleep

* I'rnf. llamsay Icindly fiskod mo to a private mcsmoriti seance at TJni-

versity CollogB on May Jird, 18R(). Thn action oi' tho " sonsitivos " under

Mr. Vitioro's iullnonoe was much the same as at the above.
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is cauHcd and roquirod by oxluui.stion of tlio norvous Bystom,

and that this may bo in some cases the chief or even tlic

only faotor. 2nd. That another factor is commonly fit

work, namely, the withdrawal of external stimuli, of those

nnmborlosR excitations which keep ns awake. I pointed

out that eveiyday life was, to a great extent, probably the

rosnlt of tho action of those shocks on oxcitiiblo norvo colls

and fibres, and that without them life was latent, not

manifested. .Srd. That onr rof^ular nocturnal sloop is an

inherited instinct, following an almost universal law in

being rhythmical ; and 4th, That it is associated, not caused,

by a languid circulation in tho brain and norve centres.

Of these four T laid tho greatest emphasis on the absonoo

of stimuli, because T consider that on that theory alono

can bo explained many of tho phenomena of trance, mcs-

morism, and other states.

I think that thought novor qnite ceases during life, iuid

ihat we always dream, either faintly or vividly, but do not

as a rulo remember our dreams.

I have also tried to show that from tho most vigorous

life on the on(^ hand, to iho, stillest and doopost and most

dc!ath-liko trance on tho other, there is an uninterrupted

connecting chain ; that almost every state of lattnit energy

may be looked upon as essentially th(! same !is ordinary

sloop; and that vitality is IJiis laioni, energy brought into

action by appropriate stiniuli.

Tho whole subject is wrapped up in ;i, cloud ol' darkness

iind myst(iry, iiiid tins is porliiips only iiaLiiral, seciug tliat

it is a state between life and death, botwecsn the " primeval

light " and the " everlasting dark." But we ought, never-

theless, to investigate it by ordinary rules, and as n first

stop T thiidc wo shonld recognise its intimate connexion

with other states. Since life has boon dofmod n-s tho passage
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from potentiality through actuality, so sleep may perhaps

bo said to bo the passage from actuality to potentiality.

Although, like other problems in physiology, the furtlior

it is yinshed the more it baffles us, yet wo ought constantly

to make the attempt to master its problems, because they

throw light on many other phenomena of our existence,

n,nd will eoutinuo to bo food for thought until "human
time itself shnJl close its eyelids."
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I!v a. 0. OIini^PTTHS.

(Ucnd, March 'Mh, 1880, Iffore ilia lilntnmolo(]ir,nl Bcclion.)

THFi Rovontoon-yoars' oioadn,, or us it is ofton callod in

tho Unitod States, with charantoristic Arnorioan disre-

gard of ontomologioal exactness, the soventeen-years' looust,

made its first rocordod appearance in Plymontli, Mixss., in

tho year 1633. " At that time," says Governor Morton,

" there was a numerous company of flics, which were like

for bigness unto wasps or humhloboos. They came oul- of

little holes in the gr'ound, and did oat np the green things,

and made such a constant yelling noise as made tho woods

ring of them, and ready to deafen the hearers." Judge

Davis, in tho Appendix to his odiiiion of Seorotaiy Horizon's

" Memorial," says that those insects appeared in PlyniouIJi,

Sandwich, and Falmouth, Mass., in 1804 ; hut it the regular

snvontoen-year interval had boon exactly obsorvod, this last-

mentioned visitation should liavo oooui'red in 1803. No

doubt seasonal irrogidarities nuiy at times quicken or re-

tard their appearance, but in nearly every case tho interval

appears to bo exactly sovonteen .years. A I I'liiladolphia their

first recorded occurrence took place in 1715, which will not

agree with tho dates of tho Plymouth visitations; tho times

liowover, appear to va,ry in (lilIcr(>Tit locaiitiiis, tliough prc-

84
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.serving in cacli tlio disfciuctivo >sovontcou-yoar intorviil. In

Alabama the oioadaa appear in I'obruary or Maroli; in Mary-

land and Pennsylvania in May ; and in Massaclmsotts in tUo

middle of Juno. So rognlar in appearance are they, that at

Germantown, Pennsylvania, tliey are stated to liavo emerged

in great nnmbera on the 25tli May at foui' successive periods.

The Rev. Ezra Shaw Goodwin, of Sandwich, M^ass., writing

in 1832, of the cicadas, says :
" I first took notice of them in

1821, on the 17th of June, from their noise. They appeared

chiefly in the forests, or in thickets of forest trees, princi-

pally oak. Their nearest distance from my dwelling cannot

bo far from a mile, yet at a still hour their music was

distinctly hoard there. On going to visit them, I found the

oak trees and bushes swarming with them in a winged state.

They came up ont of the gi'ound a creeping insect. Very

soon after they had arrived on the surface of the earth

tho skin, or rather the shell of the insect, burst upon the

back, and tho winged insect came forth, leaving the skin or

shell upon tho earth. Thus these skins lay in immense

nund)ors under the trees, entirely empty, and perfect in

shape. The winged insects did not, as far as I could ascer-

tain, oat anything ; motion and propagation appeared to bo

tho whole object of their existence. They continued about

four or five weeks, and then died." The life history of Cicada

Sepiemdccwi, as related by Harris, appears to be briefly

this : Tho female, after pairing, proceeds to make ready a

nest for her eggs. She selects a branch of moderate size,

which she clasps on both, sides with hor legs. Tlicn, with

her abdominal piei'cer, which consists of three parts

—

namely, two outer saws working in conjunction with a cen-

tral spear-pointed borer—she malccs an incision obliiiiiely

into tho bark and wood in the direction of tho fibre, taking

caro with tho saws to detach littlo splinters of wood at



86 CICADA SUPTliAIUHCJ M.

one 0.11(1, so as to form a cover to the peiforation. The liolo

having been enlarged by ropctitioii of the operation until it

is suflicioutly deep to contain from ten to twenty eggs, she

proceeds to place the eggs in the nest in paiivs, side by side,

but separated by a portion of wooden fibre. When the ncsL

is completed and filled, which talcos about fifteen niinates,

she removes to a little distance and commences anotlier ; it

is not unusual for Iicr to make iifteon or twenty lissures in

tlie same limb, and one observer c;ounted fifty nests extend-

ing along in a lino, each containing fifteen or twenty eggs in

two rows, and all of them apparently the work of one insect.

Tlio cicadas abound most upon tlie oak, but sometimes other

forest trees, shrubs, and fi'uit trees are attacked, and at times

scarcely any kinds arc exempt except the fir and pine family

The punctured limlis nsiially witlier and die soon iifter the

eggs wliicli are placed in them are hatched. The ova are

ono-twelftli of an inch long, and one-sixteentli of an ineli

through the niiddie, but taper at one end to a jioiiit, iuid

are of a pearl-white colour, showing the foi'm of the enclosed

insect before it is hatclied. The young cicada when it bursts

the shell is one-sixteenth of an inch long, and is of a yellow-

ish-white colour, except the eyes and the claws of tlie fcu'is-

legs, which are reddish ; it is covered witli little hairs. In

form it is somewhat grub-like ; the first pair of logs is

large, sliaped almost like loljstcr claws, and armed ' with

strong spines beneath. On the shoulders are little promi-

noiicos in place of wings, and under the breast is a long

beak for suction. The little creature is very active, moving
almost as quickly as an ant. After a few inomentH its

instinct leads it to descend to tlie ground; but to do this

it does not seek the body of the tree, but runs to the side

of the limb, and deliberately loosening its h(j]d, allows itself

to fall. On reaching the ground aft(!i' this pisi-iloiis descent,
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it at oiico begins to barrow into the soil with its strong

fore-foot. It socks oat the roots of plants, and attaches

itself to tlio succulent fibres, wliicli it pierces with its sharp

boalc. One observer says :
" On removing the oarth fi'om

a ptiar-tree wliicli liad been declining foi' years, without

apparent cause, I found the larvie of the cicada in countless

numbers clinging to tire roots of the tree, with their suckers

piercing the bark, and so deep and iirinly plaeisd, that they

remained lianging for luilf an hour after being removed from

the earth. From a I'oot a yard long and about an inch in

diameter, I gathered twenty-three larviw of various sizes

fi'om a (juartcr of an inch to an inch in h;ngtli. Tlicy wore

on all the roots that grow deeper than six inelies below the

surface. Tlie roots wore unhealthy, and bore the a.ppearance

of external injury fi'om small punctuv'cs." Aftei' its long

subterranean residence in the larvco state, the cicada, i)rc-

paratory to entering the pupal form, gradually ascends to-

wards the surface by uu;aus of cylindiical burrows, the

sides of which, according to IJr. Potter, are cemented and

varnished, S(; as to bo waterproof. The lower portions of

these burrows ai'o filled with earthy matter, removed by the

insect in its upward course ;
the upper portion, to the extent

of six or eight inclios, forms a chamber for the pupa, llei'c

the cicada remains for several days, ascending occasionally

to the mouth of the hole for warmth and air; sometimes

peeping out in fine weather, but retiring to a lower depth

in cold or wet weather. Its form as pupa is still somewhat

grub-liko, but the prominences containing the future wings

arc more largely developed. When the favourable mouuait

for final emergence arrives, the insect issues from the ground

during the night, and crawls up the trunk of a tree, or upon

some other object to which it can fasten itself with its claws

It then ])roparcs to cast off the pu])a skin, which at length
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Kplits down tlio Lack, allowing ilii; ini])i'isonod ciciula to iaHuo

fortJi. Tlio wings Hoon. attain thoir full sino, and bouoinc

liai'd, and in a fow houi-K tlio insect is able to fly. During

several successive nights the i)U|)a (continue to come out oi

tlio ground—as many as fifteen hundred have been known

to omorgo from beneath ono apple-tree—and the ground

where the insect prevails is as full of holes as a hoiiey-

eond). The branches of the trees are so laden with cicadas,

that tliey bend, and sometimes even bi'oak with tlio weight.

Within a fortnight of emergence, pairing and ogg deposition

talce place; and within six weeks the eiitii'e brood (.)f images

luis disappeared. .
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GENEEAL.

rpiUEllE have boon eight General Mcctmga of the Society

J- during the past Session; all held in University

College, a,t 8 p.m.

On Thursday, October lat, 1885, Professor C. Lloyd

Morgan, F.G.S., read a paper on Animal Iniolligencc. This

has been published in Mind (Vol. xi., No. 4'2, April, 1886).

On November 5th, Mr. Thomas Morgans, C.E., gave a

lecture on Local Term-cotta Olayn and Froductn, illustrated

by various instructive specimens of local production, lie

stated that the Coal Measure Clays were the most valu-

able of all for the manufacture of terra- cotta; and that

immense deposits of those existed in the neighbourhood

of Ih'Istol. Good ware is strong, impermeable, and veiy

durable ; and prolonged exposure to weatlier or to the

action of sea-water, etc., has I'euiarkably little effect upon

it. Articles can be made of almost any size and shape,

and the colour can be varied almost infinitely by the

addition of different nretallic oxides, and the employment

of various modilications of the baking process. The surface,

also, will take a good polish.

At the meeting on December 3rd, a resolution was adopted

89
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oxprcssiiig the grciat rogrot wlMi wliicli tliu Sociol;)' liaxl

heard of the (loa,t,li of Dr. W. B. Carpontor, (M!., I'\H..K.,

wlio had boon a,ii honora,ry incmbor for many yuarK. Mr.

H. B. Jtipp, M.A., then exhibited and deseribed two

electrical iiistriniicntH, recently invented by (Japt. (Jardew,

ii.E., viz. : a Toleplionc adapted for use by Keutries, and

a Voltmeter for mcaHuring tlu! motive force of powerful

electric currcntK. lie then addre.sHcul the m(;etirio- on the

subject of " Weather Foreca.sts." The various facts which

have as yet been ascertained in connexion with storms,

and the laws regulating the direction of tlu; winds, wei'c

clearly stated. About 9:5 per cent, of tins storms in this

part of the world move from S.W. to N.J']. : the centre of

these cyclonic systems usnally passing from the Athmtic,

across the north-west of lrc;land, and then over the middle

or north of Scotland. From combined ol)servations, taken

on the western shores of these islands, it is ()a,sy to warii

stations on the cast coast, and in Denmark, Norway, etc.,

of coming storms ; but to foretell with certainty the advent

of distm'bances on the westoni coast, it would bo necessary

to have stations of observation further west, but not so

far away as Newfoundland and the mainland of America.

The lecturer, therefore, advocated the mooring of vessels

in mid-Atlantic, with telegraphic communication, or a plan

by which all vessels going westward should bo supplied

with trained carrier-pigeons to despatch at intervals with

meteorological reports.

(3n Monday, January 11th, 188G, Professor W. Ramsay,

i'h.D., gave a most interesting demonstration of the experi-

ments of Mr. John Aitken, LMi. S., Edin., on The liigidity

of Chains while lievolving. An abstract of this lecture will

bo found on page GO.

At the meeting on February 4tli, Mr. 0. Muuro Smith,
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Ij.U.C.P., M.li.G.S., road ii ])apcr on Sleep and Dreams,

whioli Ls printed iu full ou jiagcs C2~8.'i.

On Marcli '^itli, Professor Rain.say and Dr. Sydney Young

gave a leeturo on '/Vio Critical Foiut of Fluids, admirably

illustrated by experiuient.s. A short aeuount of this will

bo found at page 61.

At tlio meeting on April Stli, Licut.-Col. Graham, .R.A.,

road a pajxir on Uuuinrwdor and 'Projectiles. He gave an

interesting resume of tlie history of gnnpowder, descrilKul

the ingredients and their sources, and then gave an account

of the various stages iu its nuumfaeture. Lastly ho described

the chief varieties of projectiles. Specimens of those, an.d

of time- and impact-fuses, gun cotton, and the various kinds

of powder, from the finest up to that in -whicli each grain

was 1 or 1\ inch in diamettu', were shown.

At the last genei'al, which was also the 2'1-th ainiual,

meeting, held on May Gth, the lieport of the Council wiis

j'cad, and odicers wore aj)pointed for the ensuing year.

Professor H. S. Helo Shaw and Mr. A. M^. Worthington,

woro elected honorary meniboi's of the Society. Tlie hon.

secretary requested all members and associates to do tlieir

best to nuike tlu; work of tlio Society more widcily known,

and ui'god the desirability of encouraging the formation

of local Natural llistoiy Associations, affiliated to this

Society, in all towns witlun the area of the IJi'istol coal-

field; so that tho whole district might bo more thoroughly

worked, and more general (and therefore valuable) results

obtained.

ARTHUR 15. PROWSE,
Ron. Reporting Sec.
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Till-; liOTANlOAL 8J<]C'riOJSI.

A I TENDED to tliiw uuniber of tho Socioty'y Transactions

will bo found tho sixth and Jiiial Ir'iirt of tlio Flora uf

Ihc liridoL Goal-jldd, contaiuiny tho Sodgcs, Grasses, Horse-

tails, and Ferns.

Saturday excursions for field work were continued as

usual. On May 10th, Mr. Leipnor, President of tho Section

delivered a lecture on tho Natural History of Mosses, with

particular rofei'OJice to thcii' roj>j;oduotiou.

J. WALTER WIIITJ!;, ILm. Sec.

CHEMICAL AND PHYSICAL SECTION.

SINCE tho publication of the last Report, six nicotines of

tho Section liave been liold, and papers have boon road

by tho following gentlemen:—Mi'. G. E. Schacht, Professor

Ramsay, Dr. Young, Mr. Slienstono, Dr. Tildon, Mr. Chat-

took, Dr. Collie, and Mr. Cundall. On April 8th there was

a joint meeting of the Section and the Society, when Colonel

Graham read an intorosting pa[)ei' on. (ttmpotvdar mid I'ru-

ucliltis.

Copies of Joido's " Sciontilio Works," Muir's " Principles

of Chemistry," and Lunge's " Distillation of Coal Tar," Lave

been presented to the Libra.t'y by the Section.

SYDNEY YOUNG, IIo Sec.
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entomologicaij SMcrnoN.

IN .Inno last, an excursion was taken to DnrsUiy, and, the

day being fine, many speoios were cn,ptnred, amonf"-

thorn being P. alsus, in groat profusion, P. gerymi, A. planta-

qinis, A. suhsoricoata, B. pandalis, and P. phceodactylus.

In ,Tuly an excursion was taken to Ashoot Moor, near

Glastonbniy. Among oilier species taken, wore Acidulia

immulata, E. allmlatM, and larva of N. typhat in the stems

of reed mace, and Gasseda equestris in tlie stems of mint.

At tbo winter meetings of the Section a largo number

of British and foreign species wei'o exhibited by different

members of the Section ; and at tho March meeting a paper

was I'oad by Mr. Griffiths on the Life TKslnry of Cicada

Si'ptemdocim, a North American spepies.

(IROliGE HATIDTNG, ILm. Sec.

GEOLOGTOAL SECTION.

THERE havoboon three evening meetings of tho Section,

at which Professor Lloyd Morgan read papers in illus-

tration of geological principles : (1) On Denudation in iln

IkstmcMrc AsfcrU ; (2) On tlic Processes of Bec.onstruction

;

and (3) On tho Processes of AUoraiion, Consolidation, and, Mota-

m.orphosis. The papers were illustrated by diagrams, spoci-

nuitis, and microscopic sections. At one of these mo(!tings

lh(> l'r(>sid(Mit exlnl)it(Ml pyramidal pieces of pennant and
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Diinclry oolite, obtainod in ocrtiiin oxporimonts ho is carry-

ing out with the object of ascertaining the weight in tons

necessary to crush a two-inch onbo of the rock. He stated

that pennant yielded at about twenty tons.

There have been two excui'sions : The first to Portishead,

where tlie President pointed out the nature of the flexures

and faults by which the pi'osont conformation of iho ground

and configuration of tlio strata have boon produced. The

results of his invcsstigations in tliis district arc put forward

in the paper which will be found on page 17 of the Proceed-

ings. The second excursion was to the Patchway section

and the Cattybrook cutting, under the guidance of Mr. C.

Richardson, O.E. The contortions of the Palooozoic rocks in

the neighbourhood of tlic Cattybrook fault vvoi'c pointed out.

In the cutting at Patchway, Professor Lloyd Morgan and Mr.

Winwood obtaintsd cliaractcristic specimens of the Rlui-tic

bone-bed. Tlie bod is hero two or tli roe inches in thickness.

A paper by Professor Lloyd Morgan On the Porthury and

Clapton District was taken as read, and will be found on

page 1 of the Proceedings. 'IMio President will conduct an

excursion to this locality in the course of tlie summer.

A. {!. PASS, Sec.







INTRODUCTION.

SEVEN years liavc elapsed since the Botanical Section

resolved to commence the compilation of a local Flora.

At that time our knowledge of the plants of the district was

very imperfect; but in view of the fa(!t that the publication

conid only be issued by annual instalments spread over a

lengthened period, it was not considered wise to defer the

beginning, lest perchance the end might never be attained.

Thus, under many adverse eoiulitions, the work was under-

taken and carried througli
;
gathering, as it advanced year

by year, increased solidity and completeness, in proportion to

tlie growing extent and accuiucy of our own information.

Knowing this, the reader will need no explanation of what

is plainly perceptil)le ; namely, that the later portions of the

" Flora " are distinctly superior to the earlier ones, both in

knowledge of the occurrence of individual species, and in

fulness of detail concerning their distribution.

"Additions" to parts previously published preface each

of the hist four numbers, and show how rapid has been our

progress towards an exact acquaintance with Bristol botany.

The sum of the species given in regular sequence is 986.

Besides these, seventeen are recoi'ded in the additions, mak-

ing in all the lai'gc total of 1,003 species treated as inhabi-

tants of the Bristol Coal-field. It may eventually be found

that two or three of these have been included on insufficient
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grounds. On the other liand, in a district so extensive, and,

in some portions, so imperfectly explored, wo may anticipate

that a few plants still remain to bo discovered, as well as

many additional facts to be recorded regarding the distribu-

tion of those already mot with.

Our meagre botanical literature has been made use of to

its full extent, as follows : two or three local references

in the works of Hudson and Ray ; a few pamphlets and

manuscripts; some notices of Bristol plants, published chiefly

in the Phytologist ; and Swote's "Flora Bristolionsis," issued

in'. 1854. Of the MS., a catalogue of Somersetshire plants

by W. Solo, in the possession of Mr. T. B. Flower, is tho

most important. The notices in periodicals were mostly

written by Mr. Flower, whoso acquaintance with Bristol

botany covers a period of half a century. He supplied a

very lai'ge number of the localities given in Sweto's "Flora,"

and to liiTti we also are much iudobted f(ji' many interesting

and valuable communications. Witheriiig's "Arrangement"

contains many references to tho vicinity of Bristol, but they

are little to bo relied on, and wo have not thought it advis-

able to quote them, unless when confirmed by recent obser-

vation.

The Herbarium of tho late Miss Powell, which is housed

in tho Bristol Museum, and that of the late Dr. Stephens,

now the projjorty of our Society, are oxcellont collections of

local plants, raado by trustworthy botanists. In them we

have found specimens of great value, often corroborating

book records which, in the absence of ccmfirmation, might

have been deemed unreliable and worthless ; and in some

instances furnishing examples of plants that cannot now be

found, and may since have become extinct. These coUc^ctions

also possess the additional interest tliat they snppb'ed a con-

siderable proportion of the localities mentioned l)y Swete,
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wlio, as his pages sliow, relied almost entirely upon the

three botanists we have named. It is only to be regretted

tlia,t many of Dr. Stephens' specimens lack essential par-

ticulars of date or place of collection, without which such

witnesses can render little service.

The Rev. R. P. Murray has very liberally furnished us

with notes taken from his researches among the ])lants of

Somersetshire ; and wo are very grateful to several other

naturalists outside our ranks who have cheerfully contri-

buted their labour.

Our chief aim in the construction of this " Flora," un-

doubtedly has been to use such care and precision as should

engender confidence in its accuracy on the part of those

who may have occasion to consult it. It is accordingly the

Editor's intention to at once begin revising the earlier Parts,

witli a view to the preparation of a second edition. To that

end wo now venture to address a request to the friends who
have already favoured us, as well as to our own members,

that they will aid in making the work as complete and

accurate as possible. The correction of any errors which

may exist, the confirmation of stations resting on old or

doubtfrd autliority, and additional plants or stations from

any part of the district, will all be very gladly received,

especially when accompanied by specimens. Supported by

such aid, wo may not uni'easonably expect to lay before the

Society in our next effort a thoroughly worthy account of

the botanical wealth of Bristol.

.Tune., 1880.
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ADDITIONS TO PART I.

113.* Dianthus deltoides, L. Maiden Pink.

Native ; fairly abundant in a pasture between Bris-

lington and Keynsham, S. One plant has lilac

petals ; and a small patcli, with pni'e white llowers

aTid very pale foliage, may hv. J). Olaucus, L. iPimt

noticed by Mi'. David Fry, in May, 1886. The

plant is recorded ior North Somerset in Topogr.

Botany, on the authority of Dr. Thwaitos, but his

locality remained unknown. Very possibly Mr.

Fry has rediscovered it.

MoencMa erecta, Sm. in Somerset. See page 32. Prior

to May, 1886, our claim to possess this little plant

rested entirely upon the specimens contained in the

Stephens' Herbarium. As far as we know no one

living had seen it growing in the Bristol district.

Wo wore therefore extremely glad to receive fi'om

Mr. David Fry a specimen which he had gathered

on the coal-measures a short distance from Keyn-

sham. Sliortly afterwards we examined tlie locality,

and found the plant disti'ibuted in tolerable cpian-

tity over a rather limited area. It was associated

with Trifolium suhterraneum, T. filiforme, Ornithopus

perpusillus, Myosotis versicolor, Aira prmcox, and, to

our great satisfactioii, with Scleranthus annuus.

One of Dr. Stephens' records is thus confirmed;

and on consideration of the situation and surround-

211 u
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ings of the plant at Keynsliam, wo have no doubt

wliafccvcr that Moonchia did formerly grow on

Brandon Hill, the other station mentioned by him.

It may indeed lurk there still, though we fear it

haw boon trampled out of existence.

There are some intei'esting facts connected witJi tJiu

species found in association with the Mvenchia.

They are all scarce plants in the vicinity of Bristol,

to bo found for the most part in small quantities in

a very few places, and on the same geological

formation. But whether on Brandon Hill, at

Clevodon, at Mangotsfield, or in the Keynshani

locality, they are ever companions, sharing in

fellowship the barren and scanty soil upon which

alone they seem able to maintain themselves. It

may be that those plants are too weak and tiny to

exist among more robust vegetation, and that the

force of species competition is powerful in restrict-

ing them to the spots they occupy. It certainly

does not appear that dry and sterile liabitats are

those best saited for tlio growth of the phiiits

in ([uestion. Wo have seen Scleranthus annuua

flourishing most luxuriantly as a weed on culti-

vated land, where it was taking full advantage of

depth of soil arul elbow-room, liut when at lai'ge

in the world, and loft without favour to cany on

an unequal competition with the crowd of lai'gcn'

species, the result in our experience is that it l)0-

comea banished to spots bare of, or unsuitod to,

most other phanerogams.

Scleranthus armuus, L., ' in Somerset. On the coal-

measures near Koynaliam ; not very plentiful. See

page ]''>.
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CYPERUS. Lim.

817. C. longus. L.

Niifcivo at. Walton-in-Gordano, S.

This raro and boantiful scdgo lias grown from tirno

immemorial in a small plot of very wot raarvsliy

ground, believed to have boon anciently a fish-pond,

and situate behind some cottages in the upper part

of the village. Sole, in a MS. dated 1782, says of

it, " Abundantly in a pond at Walton-in'-Gordano,

near Possit, Somerset, a village belonging to Sir

Abraham Elton" (Possit = Porti.shead). The plant

continued to bo plentiful until 1882, when the

occupier of tho land ploughed it and planted

potatoes. At the end of August, 1883, wo found

many stems coming up by tho sides of two ditches

which intersect the field, and also among the crop
;

but in consequence of tho disturbance their de-

velopment was much retarded, and flowering

delayed ncJirly two months. Since that time,

2l«
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owing to the draiiiago and cultivation, tho sedge

has bocomo rodnccd in quantity, and the stems

produced in successive sen sons have failed to como

to maturity, whence it is to ho feared tliat Cypcrus

longus will soon be nnml)erod among tho lost rarities

of the district. VIII. IX.

SCHCENUS, Linn.

818. S. nigricans, L.

Native ; formerly on the coast between Clevodon and

Portishoad, but now extinct.

" Clovedon "
; Herb. Stephens. " By tho side of a

fresh-water -spring which bubbles forth from amid

the bosom, of tho rooks, was Sdtoenus nigricans,

brown and muddy from tho tide washing over it."

Mr. Loo IT, Orindon : Phytol. vol. i. 5(50. l);i'.

Stopliens' specimen probably came fi'om tiie spot

described by Mr. Grindon ; a place on the coast

towards Portishoad, where wo are satisfied the

plant no longer grows.

Mr. Grindon's discovery of Schmnus, as narrated

above, forms part of a pleasantly-wiltton account

of a botanical ramble from Bristol to Clovedon, and

thence to Portishoad, on July 0, 1H42. In this

day's work, the botanist was fortunate, as besides

tho sedge, ho records I'hleum arenarium at Tickcn-

ham, and Oalamagrostis Epigeios at Clevodon. All

of these plants a,re now miknown at the places

named.

(Gladium Mariscus, \l. I!r. " Wcdmore and Burth)

Moor, Somerset." W. Sole, MS. 1782. Requires

confirmation.)
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RHYNCHOSPORA, Vahl.

819. K. alba, Vahl.

Native ; in tnify bogs, very local.

S. About the boggy sourco.s of stroams on Mondip

at Blaokdown. Plentiful in pcat-mooi's on tbo

southern border of the district. VII. VIII.

820. R. fusca, 8m.

Native ; on peat-moors, perhaps now extinct.

S. " Burtle Moor, near Mf^rk." W. Sole, M8. 1782.

See also remarks by Mr. Thos. Clark in his Oata-

loguo of the Barer Plants of the Turf Moors of

Somerset.

ELEOCHARIS, R. Br.

821. E. palustris, li. Br.

Native; in marshy places, ditches, and about ponds.

Common. VI. VII.

822. E. multicaulis, Sm.

Native ; in marshy places, less fre(piont than the last.

VII.

SCIRPUS. Linn.

823. S. maritimus, L.

Native; plontifal in brackish ditches and salt

marshes, by the aides of the Channel and tidal

rivers, sometimes occurring two or three miles

inland.

'

VI. Vll.

824. S. sylvaticus, L.

Native ; in damp meadows, rare.

.
" Boiling Well !

" Mangotsfield.

S. Abundant in a meadow under Highbury Hill,

near Hal latrow. A marshy field near Wells, Miss

Tnvett. " In wet places, frequent ;
" FL Bathon.

VII.
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825. S. lacustris, L.

Native ; in dcop water, lure.

G. JJaptist Mills. In tho river Avon Iiore and tliore

sparingly ; at Hanham Mill dam tlioro is a larger

quantity. V 1 . V 1 1

.

826. S. caespitosus, L.

Native; in, boggy and lieiitliy places, local.

iS. Plentiful on Mendip at Blackdown and abont the

Mineries. On the peat-moors in tlio south.

VIL Vlll.

(S. Jluitanti, Ij. "Ditches frequent." Bweto, Fl. 84.

Error.)

827. S. setaceus, L.

Native ; in marshes and on the borders of streamlets,

not common.

G. Boiling Well ; 7/er/;. Stophem: Staple(,on ; Mr.

W. E. Oroen. By a little stream near Mangotsfiold

Station. Damp wood Ibotwoen Charfield and Toi't-

worth.

8. Marshy spot close to l,li(! iron woi'ks at Asliton

Gate. Clnvodon. Yatton Weston-in-Oordano.

VI. VII

BLYSMUS, Vanz.

828. B. compressus, Pdnz.

Native
;
probably extinct.

G. Mill dam, Stapleton ; IT.erh. Blejiliena. Stapleiion,

Mr. 0. n. K. Thwaites.

S. In Clavorton Wood, Dr. Davis: Fl. Valhon.

From a remark of Mr. Ilowett Wat.soii, il, would

appear that tlu! Bath ro(!ord W!i,s sul)se{|ncntly con-

firmed by Mr. II. Withers.
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ERIOPHORUM, Linn.

829. E. vaginatum, L. Jlarr'n-tail Cotton Grass.

N.'itivo; in bogs, local.

S. Plentiful in bogs on Mondip about the Minci'ics,

and very abundant in another bog near the Miners'

Arms Tnn, also on Mondip. Peat-moor on the

soutliorn border of the distn'ot. V. VT.

830. E. polystachion, L. Gammon Cotton Grass.

Native ; in bogs and marshes ; of wider disti'ibution

than tlio last.

S. In all the bogs on Mendip, including the swampy
springs on the slopes of Blackdown. East Harp-

trcc. Ponsford. Yattori. Peat-moors in the south.

V. VI.

CAREX, Linn.

831. C. pnlicaris, L.

Native ; in boggy and damp Ivoathy places ; also on

commons among long gi'ass.

G. Alveston. Abundant in some spots on Clifton

and Durdham Downs ; close to the Zoological

Gardens, and on tho upper slopes of the Gully.

S. On Leigh Down, near the reservoir. By the

stream between tho Tanpits and Priiland Farm.

In tho fir plantation towards the upper end of

Cheddar Gorge. On Blackdown, near the Mineries.

King's Wood, Yatton. V. VI.

(0. BavalUana, Sm.. " Lansdowu, on tho slope of a

hill on which there is a clamp of firs, about Ij

mile from Bath (Mr. E. P'orster) ;
" Fl. JJathon.

Now lost.)
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832. C. disticha, ITuds. G. intermedia, Good.

Native ; in bot^gy piistnrna, rare.

G. Filton Meads.

S. Nciar Hampton TUxjlcs, Tlatli ; Mr. T. B. Flower.

Plentiful in some marsliy paHtni'oa near Ur'aycot

Peat-moors in the soiith. V. VI.

833. C. arenaria, L.

Native ; abundant on the sandy shore of tlio Bristol

Channel, pari-iuuhu'ly at Kowstoko, Weston-supor-

Maro, and Tiurnham,. VI.

834. C. divisa, Ihuk.

Native; in niarslios, very rare.

S. " In considorabki abundance on Burtlo turf-moor,

near the sea-coast." 11. Withem, ISfjO. Label in

Herh. Watson. Near Kowstoke, Mr. T. F. Perkins.

835. C. vulpina, L.

Native ; in wet, shady places, and oxi ditch-banks.

Common and generally distributed. VI. VII.

836. C. muricata, L.

Native ; in damp ho<1ge-banks and the borders of

pastures, ra-thor common.

G. Plentiful in the hino leading from Snoyd Park

towards Sea Mills. In plenty near the bank of

Avon above Sea Mills. Peaty pasturos in Filton

Meads. Pur Down. Stapleton ; llerh. Stephens.

Tortworth. Woods above Wotton-under-Edgo.

S. iiishport. Clevedon. Combo Hay. Groat YAm.

Sidoot. Shipham. Wint(!i-h(!ad. I'lciitifnl iibout

Wells. Weston-super-Mare. VI. VI I.
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837. C. divulsa, (hod.

Native ; on grassy banks, rather common.

G. In sovoral places about Coombo Dingle. In <a

grassy Iiollow (old quarrying) on Durdliam Down,

1884. Plentiful about Charftold and at Damory

Bridge. Abundant on some damp hedge-banks

between Thornbury and Aust. Shireliampton.

Wotton-under-Edgo.

S. Leigh Woods. Clevedon. Cliurchill. Congres-

bury. Between Clccye and Yatton. Great Elm.

About the Tanpits and on Failand Farm. Keyn-

sham. Norton Mab'eward. Portishead. West

Harptree. Whitoliurch. Yatton. V. VI.

838. C. paniculata, L.

Native ; in wet and boggy places, rare and local.

S. Ditch-banks near Axbridge. Bog in the valley

near Winsoombe. Ditch-banks south of Wcdmoro.

Bogs on Mendip at the Minerios. In voi'y lai'go

tussocks abundant on both banks of the canal near

Radford and Oamcrton. VI. VII.

(0. teretiuscula, Good. The old records in Swete's

Flora and elsewhere much need verification.)

839. C. axillaris, Good.

Native ; very rare.

G. It grows plentifully in one spot bcitwecm Char-

field Station and the gates of Tortworth Park,

where it was first noticed by Mr. W. B. Waterfall

in 1882.

S. Cheddar, 1888 ; Mr. lUchards. Several stations

a little outside our district are nunitionod in Add.

Fl. Bathm. VI.
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840. C. remota, L.

Native ; in moist woods and on hodgo-banks. Abun-

dant in many places a few miles from Bristol, but

is not seen very frequently close by the city.

Q. Aust. Very plentiful about Berkeley, and also

near Tortworth. Near the Dachoss Ponds at

Stapleton. Henbury. Near Filton. Littloton-on-

Severn. Sodbury. 'rhonibni'y. Wintor'bouT'no.

S. Bisbport. Churchill. Olovedon. Boi-dcr of a

field near the Tanpits under Failand Hill. Leigh

Wood. Near Hallatrow. Portbury. St. Ann's

Wood, Brislington. Woddborough and Wins-

combo. In plenty between Yatton and Clovodon.

Bishop's Wood and Knowlo, near Wells. Baston.

Asham Wood. Whatl<\y. Wriiigton. VI.

841. C. stellulata, (lood.

Native ; in bogs and swamps, frequent.

G. Near Damory Bridge. Marshy spots by Man-

gotsfield Common. Shirehampton ; Ilorh. Stephens.

Stapleton; Swete, Fl. fii). Yak; Common.

S. Abundant on the swampy margin of the stream

between the Tanpits and Failand Farm. Black-

down. Cheddar. Downhoad Common. Upper

Knowle. The Mineries. Boggy fields bohjw

Winsc-ombe. Walton-in-Oordano. Wells. Yatton.

V. VI.

842. C. ovalis, OdmI.

Native; on commons and in damp pastures, frequent.

Gr. Formerly on Durdham Down; Mr. 0. II. .A'.

Thwaitas. Berkeley. Mjingotafiold Common. Tort-

worth. Yato Common. Near Stapleton ; Mr. W.

Ji]. Oreon.
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S. Damp places in many of tbo rough piistui'cs on

the Mondip Hills. I5y tlio stream below Failand

Farm. Walton Drove, near Clevedon. Upper

Knowlo ; Itev. W. II. Painter. Wodmorc. Wrington.

VI. VII.

438. C. vulgaris, Fries.

Native; in marslies and wet plaees, fi'eqaent.

G. Marsh near Baptist Mills. Filton Meads. Charl-

ton. Stoke Gilford. Yato Common.

S. Boggy pastures under Dundry Hill, near the

reservoirs. Bedminster Meads. Blacbdown, on

Mendip. Clevedon. Marshy pastures in the

, lowlands between Cheddar and Draycot. By the

stream below Failand Farm. Radford. Timsbury.

Stanton Prior. V. VI.

844. C. pallescens, L.

Native ; in damp woods and pastures, rare.

G. Copse between Horfield and FiltoJi; Dr. II. 0.

Siephons. Berwick Wood, near Henbury, June,

1883.

S. Span'ngly in a rnai'.shy pasture jinder the western

slope of Duiidry Hill, May ;5(), 1880. One or two

plants in an open glade in Loigh Wood; Mr. E.

Wheeler. Peaty meadow below Winseimibe; Mr.

W. E. Green. V- VI.

845. C. panicea, L.

Native ; in meadows and marshes, and also on lime-

stone hills. Common and well distributed.

G. Plentiful in Blaisk Ro(!k Gully, and in one or two

other spots on Durdham Down (limestone). Ash-

ley Hill. Alveston. Charlton. Filton. Horfield.

Mangotsfield. Thornbury. Yato Common.
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S. Among tlio lioatb. iind in long grass on Loigh

Down (limestone). Barrow Gurney, and the

meadows under the western slope of Dnndry Hill,

llodminstcr Meads. Common about Blackdown

on Mondip, and elsewhoro in that district. I5o-

twecn the Tanpits and Failand Farm. Walton

JJrovo, and in other places near Clevedon. Bogs

on Mcndip towards WeUs. Woodhorongh. Yatton.

V. VI.

A curious variety or monstrosity of U. panicoa was

mot with near Bristol some years ago. It had

double, porigynia, the second or upper one with its

peduncle passing through the orifice in the. lower

one.

{C. limosa, L., has been recorded from the bogs on

Mendip ; but probably in orroi'.)

846. C. strigosa, JMh.
Native ; in ditches and wet yilaces, rare.

G. Llewellyn's Wood, Wost})iiry; Dr. If. 0. Stej/lums.

Lanewood and Slioi'twood, Pucklechurch ; Wither-

ing, II. 97.

S. Ditcli-bank by the side of a lane between Cleeve

and Yatton ; first reported by Miss Winter. TIio

plant grows here plentifully in a patch some yards

in extent. Bishop's Wood, Wells; liov. li. 8.

Marshall, 1883. Banks of the brook, Nailsoa;

Ilcrli. iStephcns. Wi'axall ; J)r. II. 0. Stephcnu.

" In woods at Charlcombe and Olaverton, I)r.

Bavin "
; Fl. ISathon. V. VI.

847. C. pendula, Iluds.

Native ; in moist woods and damp, shady hedge-banks,

ratlier common.
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G. Baptist Mills. In many places botweon Almonds-

bury and Compton Greenfield. Abundant about

Borkoloy. CliarReld. TortwortL. Plentiful in

Berwick Wood, Honbury.

S. Bisliport, and in several other places under

Dundry Hill. St. John's Lane, Bcdminstor. Long
Ashton. Leigh Woods. Stookwood. Whitchurch.

Canal Bank, and elsewhere near Monokton Combo.

Farrington Gurney. Stono Easton. Paul Wood,
near Temple Cloud. Borders of streams near

Wells ; Miss Livett. Wrington. Yatton.

V. VL

848. C. liumilis, Leyss. {C. dandestina, Good.)

Native; on downs and limestouo hills, very rare and

local. It is seldom found in level fcurf, but prefoi'S

steep, rocky banks, and the edges of old excava-

tiojis.

G. St. Vincent's liocks and Clifton and Durdliam

Downs, plentiful in some spots. Not abundant

above the Suspension iJridge, altlioiigh it is scat-

tered over the slopes towards tlie Zig/,ag, and more

sparingly between tlie Kig/.iig and Gliyston House.

S. Limestone slopes under Leigh Wood, rather

scarce. Abundant on Bi'oan Down. IV.

849. C. digitata, Ij.

Native; in a wood and thickets on limestone, now
confined to a very small area.

G. Amid the underwood on St. Vincent's Rocks

;

usually closely concealed in long grass beneath the

bushes, and needing sharp eyes to detect it.

S. Mossy ledges and recesses in Leigh Wood, where

the rock is damp and shaded. Here the plants arc
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larger and more niimorouM tliaii on tlio Gloucester-

shire rook.s opposite. IV. V.

850. C. prsecox, Jacq.

Nji,tivo ; on downs, Avy biinks, and pastures, common,

and generally distributed. Tall specimens are

sometimes found in marshy flelds, which in habit

much resemble the next species. IV. V.

851. C. pilulifera, X.

Native ; on downs, heaths, and commons, probably

more frequent than our records sliow.

G. Clifton and Durdham Downs, g'rowiri,t( cliic^Myin

the furzy spots among coarse grasses, lilaise Castle

Wood ; llorh. Powell.

S. Uownhead Common. Wells. V. Vl.

852. C. glauca, Hcj/p.

.

Native ; in meadows and pastures, on downs and

about rocks. Very common and univei'sally dis-

tributed. V. VI.

853. C. flava, L.

Native ; in marshes and boggy places, frequent.

It is probable that all our plants belong to vai'. fi

0. lopiducarpa, Tausch, as we have not yet met

with any eu-flava gcnuina, Syme.

G. Wet places about Mangotsliold Common. Yiitc^

Common. Formci'ly on JJurclliam Down and at

Shirehampton ; Swete, Fl. 85.

S. On the swampy margin of the stream between

the Tanpits and Pailand Farm. Boggy sources of

streams on Blackdown and elsewhere on the M.on-

dip Hills. Cheddar. Tlie Mlneries. Shipham.

Walton-in-Gordano. V. VI.
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854. C. extensa, Good.

Native ; in salt marshos, very rare.

S. Sandy marsh on tho coast at ]5orrow.

super-Maro ; Herb. Stephens.

Weston-

VI.

855. C. distans, L.

Native ; in meadows and marshes, frequent.

G. Abundant in tho meadows by the Avon below

Cook's Folly. Baptist Mills. By tho Severn near

Berkeley, and elsewhere in the lowlands lower

down. Cliipping Sodbury. Plentiful in Filton

Meads.

S. Bedminster Meads. Barrow Giirncy. Chew

Magna. Great Elm. Highbridgo. Uphill. Walt(ni-

in-Gordano. Yatton. V. VI.

856. C. binervis, 8m.

Native; on moors and commons, rather rare and

local.

G. Blaise Castle; /S'wote, Fl. 85. Horfield, and

Boiling Well ; llorh. Stephens. Yate Common.

S. Downhead Common. Abundant on Blackdown,

and at the Minerrcs on Mendip. VI. VII.

857. C. depauperata, (lood.

Native. We understand that this iias only boon

gathered twice, and ia likely to bo now extinct.

S. " Axbridge (Norman) " ; Herb. Watson. Wood

near Axbridge ; Mr. T. B. Flower, who sent speci-

mens to the British Museum, and states that the

locality has been destroyed.

858. C. sylvatica, lluds.

Native ; in woods, common throughout the district.

V. VI.
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859. C. Pseudo-cyperus, L.

Native; on tho margins of ponds and ditches. Fro-

quont in tlio sonthoiTi portion of the district ; very

rai'c in tlio northern.

G. Wintorboarnc ; Mr. T. 11. Flower, rhylol. \. .'J28.

S. Ill many places in the lowlands from Clevedoii

to Ken and Yatton. Voi-y abundant by Walton

Drove. Pondsido, Woodborough. Tlic Watohots,

near Wells. Ditcli-banliS south of Wedmoro to-

wards the pcat-mooi's, where this sedge becomes

exti'cmely common. *
VI. VII.

860. C. hirta, L.

Native ; in wet pastures, i'requcnt.

G. Alveston. Charlton. Oromhall. Baptist Mills

Chipping Sodl)ury. Charfield. Patchway. Btaple-

ton. Tortwoi'th. Tythei-iugton. Wotton-under-

Edgo. Yato.

S. Pastures by the stream at Bishport. Crox Top.

Broan. Plentiful in ])eaty fields near I?arrow

Gurnoy. Pailand Parm. Walton-iu-Uoi'daiio.

Wells. Winscombe. IV. V.

861. C. ampuUacea, (hod.

Native ; in bogs and marshes, rare.

S. Clovedon ; Mr. E. Wheolar. liogs at the Mincries

on Mcndip ; liav. B. P. Murray. Abundant on the

peat-moors in the south. VI.

862. C. paludosa, Good.

Native ; in ditches and marshes, frequent. It is very

likely to bo more widely distributed than appears

from our notes.

G. Marsh at Baptist Mills. By the Fromo near

Stapletou.
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S. Olovodoii. Keynsham ; Mr. ]J. Fry. Flax Bour-

toii. Monckton Combo. About Wells ! Miss Livelt.

Yatton! Miss Winter. Common near Bath; Fl.

Bathon. V. VI.

863. C. riparia, Curt.

Nativo ; in wator, and by the sidoB of livcrs and

.streams, frequent.

G. Alvcstou. Anst. Blburton. Filton. Siston.

Marsh at Baptist Mills. Glen Prome. Tortworth.

S. Bank- of Avon under Leigh Wood. Clovedon

Portbury. Long Ashton. Brislington. By the

Avon at Keynsham, and higher up the river.

Marsh ditches in the Cheddar Valley. V. VI.

GEAMINB^.

(Fchinuchloa Orus-ijalli, Beauv. This large coarse

grass appeared in 1883 upon the dredgings from

tlie bed of the Avon and from tlie Float, which had
been deposited the year before in the Black Eook
Quarry. In 1884 there wci'o eight or nine fine

plants. Like many other aliens which sprang up
at the same time and place, it will perhaps con-

tinue for a short time, and then disappeai'.)

(I'anicum miliaceum, L. Casual. Seven or eight

plants on dredgings deposited in the Black Rock

Quarry, 1883 and 1884.)

SETARIA, Val. de Ueauv.

864. S. viridis, Baauv.

Colonist. A weed in cultivated lields, gardens and
waste ground, rather rare.

G. In turnip fields by the Avon, at Hanham, 1882.
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Near Staploton Mill, 1888. St. Philip's Marsh.

On dredgings in the Blacsk Rock Quarry, 188.'5 and

1884.

S. Bank of Avon near Rownham Ferry. On (lio

railway near Paulton, 1881. VII. VllL

(8. glauca, Boaiiv. Casual. Several plauls on dredg-

inga in the Black Rock Quarry, 1884.)

PHALARIS, Linn.

865. P. canariensis, Canary-grass.

Alien; in vsrasto places, roadsides and occasionally in

cornfields, frequent. It may always bo found on

the rubbish in St. Philip's Marsh, and about tho

floating harbours in Bristol, in company with, other

waifs and strays from town and ti'ade. VII.

866. P. arundinacea, L.

Native ; in and by water, common.

G. Bank of Avon as far down as Crew's Hole.

Between Redland and Ilorfield. IJorkeloy. Char-

field. Charlton. Ditches near Heubury. Glen
Frome, Staploton. Westbury-on-Trym.

S. Ashton Gate, near tho iron works. Bank of

Avon, abundant from Bath downwards. Lock's

Mills, near Bodminster. Camorton. Paulton. Port-

bury. Portishead. Walton-in-Gordano. Croscombe
and Knowlo, near Wells. WlriKconilx!. Weston-

super-Mare. Marsh ditches tliroiighout tho (Jlied-

dar Valley. Brent. Burnham. VI. VII.

ANTHOXANTHUM, Linn.

867. A. odoratum, L. Sweet-scented Vernal Grass.

Native; in meadows and pastures. Very common,
and generally distributed. V. VI.
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PHLEUM, Linn.

868. P. arenarium, L.

Native; on the sail (Ik of the Channel shore between

Burnham and Woston-sxipor-Maro ; also on Kew-

stoko sands. VI. VTI.

(P. asperum, Jacq. " Habitat in pratis, infra King's

Weston propo Bristolium;" Huds. Fl. Anglica.

Sweto gives it as having grown near Kingsweston

Inn, in 1845. Those were probably ballast plants,

as would bo also tho TrifoUum resupinatum formerly

found in tho same locality. They havo since been

searched for many times in vain.)

869. P. pratense, L. Timothy-grass.

Native; in meadows and pastures, everywhere com-

mon. Tho slightly tuberous form (P. nodosum, L.)

is not unfroquent on di'y hills. . VI.

ALOPECURUS, Linn.

870. A. pratensis, L. Fox-tail Grass.

Native ; in meadows and pastures, very common and

abundant on all rich land. V. VJ.

871. A. geniculatus, L.

Native ; in marshes and on edges of ponds and wot

ditches, common and generally distributed.

VI. VII.

872. A. bulbosus, L.

Native ; in salt marshes, very local.

G. Pastures adjoining tho Avon below Bristol, ex-

tremely abundant near Shirohampton. VI.

873. A. agrestis, L.

Colonist ; in cultivated fields and in waste places,

often on the lias clays, frequent.
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G. Bank of Avon, under the DownH. St. Philip's

Marsh. Cornfields at Lawrence Weston.

S. Permanent and plentiful in cornfields about

Bishport. Knowlo. Whitchurch. Abundant in

cornfields near Portishcad. Worle Hill. Wells.

Frequent about Bath. IV.—VII.

NARDUS, Linn.

874. N. stricta, L.

Native ; on wot heaths and commons, rather rare.

G. Mangotsfield. Warmley. Yato Common.

S. Sparingly among the sedges on the boggy mai'gin

of the stream between the Tanpits and Failand

Farm. Bogs on Blackdown. Frequent on Moiidip

near the Minories. VI. VII.

MILIUM, Linn.

875. M. effusum, L.

Native ; in woods, fi'eqiient.

G. Almondsbury. Aust. Honbury. Patchway. Be-

twcoti Stoke Bishop and Shirohampton. Wooded

banks in. Glen Frome, Stapleton.

S. Leigh Wood. Stockwood. Abundant in woods

at Portishead. Clovodon. Ba,rrow Gurney. Chow

Magna. Maes Knoll. Woods around Ponsford.

Bishop's Wood, Wells. Wraxn,ll. VI.

PHRAGMITES, Trin.

876. P. communis, Trin. liced.

Native ; in wot ditches, and by the sides of rivers aud

ponds. Common, ospecially in the extensive marsli-

lands of the district. VII. VIII.
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PSAMMA, Pal.dcBcauv.

877. P. arenaria, E. tif 8. Mat Grass.

Niilavo; in looso soa-sanda, n,biindatit on tho coast of

North Somoraot. Ita groat importance aa a moans

of restraining the drifting sand is recognised among

the huge sand-hills towards Borrow and Burnham,

where this grass is systematically planted in situa-

tions needing its binding agency. Wore it not

for its powerful influence in building up suitable

barriers against the advance of the shore sand, im-

pelled by the prevailing west winds, a large tract

of liind now under cultivation would be I'ondered

desert and useless. VTI. VIII.

OALAMAGROSTIS, Adans.

878. C. epigeios, Both.

Native ;
in thickets and shady places, very rare.

S. Border of Bishop's Wood, Wells; Miss Livett.

By the roadside between the Monument and Tracy

Park; Fl. Jlathon. It lias been reported to grow

also at Clevedon, Hutton, and elsewhere, but upon

insufficient authority. VII.

AGROSTIS, Linn.

879. A. canina, L.

Native ; on downs, heaths, and commons, frequent.

Q. Clifton Down. Filton. Mangotsfiold Common.

Stapleton. Yate Common.

S. Backwell. Blaokdown on Mendip. Upper

Knowle. Dundry Hill. Leigh Down. VIT. VIII.

880. A. vulgaris, WiiJi.

Native; on banks and in dry pastures, very common.

VI. VII.
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881. A. alba, L.

Native ; in marshca and damp pastures overywhere.

The var. /3 stolanifcra haw boon gathered on sea-sand

at Bnrnham and Weston-super-Mare, and on mud

in the New Cut by Bathurst Wharf. VII.

POLYPOGON, Desf.

882. P. monspeliensis, Desf.

Alien. Until a few years ago this beautiful grass was

connected with the Bi-istol Flora solely through a

communication (" Near Bristol ") made by Miss

Alice Worslcy (afterwards Mrs. Russell) to Mr.

Hewctt Watson, arid publislunl mtho Now Botatdsts'

Quido, 1835. In 1883 it was found growing luxuri-

antly upon the material dredged from tlie bod of

the Avon and from the basins, which had been

placed the year before in a river-side quarry.

It has continued there to the present time.

Although the circurastaucjos under which it was

gathered by Miss Worslcy are unknown, the re

currenco of this species on the bank of the river

goes toward showing that it may formei'ly have

been an inhabitant of the Avon valley.

883. P. littoralis, Sm.

Possibly native in St. Philip's Marsh, G., whore wo

have known it many years.

In weighing the claim of this plant to be indigenous

in a locality where the original soil is in process of

conversion into bricks and pottery, and of replace-

ment by mounds of ashes, rubbish, and refu.s'o of

all sorts, it should be borne in mind that, in its

primitive condition, St. Philip's Marsh undoubtedly

was a fitting station foi' the species under notice,
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which in this country grows only noar the sea or in

marshes washed by tidal rivers. Unliappily, our

interest in the question whether P. littoralis truly

belongs to the aboriginal Bristol Flora is overborne

by the certainty that in a little while it will exist

only in our herbaria.

GASTRIDIUM, ral. dc Beauv.

884. G. lendigerum, Gaud.

Native; scattered over a very small ai'oa on the

Gloucestershire bank of the Avon, below Bristol.

There is little doubt that all the published records

of the occurrence of this grass on St. Vincent's

Rooks, Durdham Down, and the bank of Avon,

may be referred to the same small tract of lime-

stone upon which it now grows ; although its ox-

tent is less than it was formerly. Mr. T. B. Flower

tells us that ho used to find it behind the Now
Hotwell House, long since removed. That spot is

situate on the river-bank, some distance from the

present station for the plant. Vll. Vlll.

HOLCUS, Linn.

885. H. lanatus, L.

Native ; in meadows, pastures, hedge-banks, and

waste places. Very common and universally dis-

tributed. VI. VII.

886. H. mollis, L.

Native ; in woods, hedge-banks, and pastui'os, voi'y

much less common than the preceding species.

VI. VII.
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AIRA, Linn.

887. A. csBspitosa, L.

Native ; in TnoiRfc woods and dn,mp bodges. Ooramon

and abundant in suitable positions.

Wo have obsorvod the var. brevifoUa in Loigli Woods.

VII.

888. A. flexuosa, Jj.

Native; on heaths, banks, and dry open spaces in

woods, frequent.

G. Berkeley. Durslcy. Conham, and Trooper'.s

Hill; TIerh. Stephens. Glo'n Frome. Staploton.

Mangotsficld. Sodbury. Wotton-undor-]<]dge.

S. fjane between Abbot's Tjcigh and the Tanpits.

Hodge-banks between Portbury and Tiokordiam,

and on the high ground near Wraxall. Court Hill

and Norton Wood, Clevodon. Blaokdown on Men-

dip. On Lansdown, noar Bath. Tn several places

near Wells. Vll.

889. A. caryophyllea, L.

Native; in dry places, rare.

G. Almondsbury. On the pennant at Conham.

S. Abundant on Leigh Down. Broan Down. Noar

Keynsham. V.

890. A. precox, L.

Native; on dry, rocky, oi- sandy soil, chiefly on the

coal measures, frequent.

G. Brandon Hill, still in plenty. On Diirdham

Down, sparingly. Mangotsfield Common. Con-

ham ; Mr. W. -B. Green. Yate Common.

S. Between Brislirigton and Keynsham, plentiful.

On the Court and Strawberry Hills, and in other

spots about Clevodon, apparently confined to the

pennant formation ; Mr. T). Fry. IV. V.
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TRISETUM, Pm.

891. T. flavescens, Beauv.

Natives ; in. moadowa and dry places, very common.

vn.

AVENA, Linn.

892. A. fatua, L. Wild Oat.

Colonist ; on tlio borders of cultivated fields and

among the crops, rather rare.

G. Ilcnbury. Hoi'field. Fishponds.

S. Near Abbot's Leigh. Portishoad. Plentiful in

fields on tho coast near Woodspring, 188.'] and

1885. Occasionally near Wells ; Mins Liveit.

Weston-super-Mare. Frequent about Bath ; FJ.

Bathon. VII.

893. A. pratensis, L.

Native; on limestone hills and banks, frequent.

G. In plenty on Clifton and Dni'dham Downs.

Kingswcston Down. Stinchcombo Hill. Nibley

Knoll.

S. Brean Down. Leigh Down. Common on tho

Mcndip Hills, as at Wintoi'hoad, Shipham, and

Cheddar. Hilly pastures near Bath. VI. VII.

894. A. pubescens, L.

Native ; on downs, dry hills, and sometimes in

meadows. Much more common than tho last, and

not so strictly confined to the carboniferous lime-

stone strata, altliough showing a decided preference

for that formation.

G. St. Vincent's Rocks. Clifton i3,nd Diirdham

Downs. Herdniry. Sodbury. Wotton-under-

Fdgo and Nibley Knoll. Wyok. Yate.

S. Leigh Down. Bedniinstor Down. Brean Down,
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In pastui'OH at Whitohurcli. PiiBtnros between

Bedminstcr and Bourton, and in the railway

cutting. Fi-eqnent at Clovedon. Keynsliam.

Wraxall. Cranmoro and Milton Ilill, Wells.

Hilly pastures near T?ath. VI.

ARRHENATHERUM, Pal. de Beam.

895. A. elatius, M. ^ K. Oat-grans.

Native ; in hedges, pastures and cultivated fields.

Very common, and generally distributed.

The var. (i nodosum, with the biiso of the stem en-

larged into a string of bulb-liko knobs, is very

abun<lant, especially in cultivated ground. VI. VII.

TRIODIA, R. lir.

896. T. decumbens, JSpmmv.

ISTativo; on downs, heaths, and dry hills, rare and

local.

G. Clifton and Durdham Downs. Yate Common.

R. Leigh Down. Pasture near Brislington. On tlu!

Mendips above Draycot. Near Clavorton, M.
Bathon. Dulcoto Hill, Wcslls. VI. VII.

KCELERIA, Fers.

897. K. cristata, J'er.s.

Native; on downs and dry banks, rather common.

G. Very abundant neaT'ly over the wholo of Clifton

and Durdham Downs, pai'ticularly near the river.

St. Vincent's Rocks. Wyck Rocks.

S. Leigh Down. Brean Down. Upper Knowlo

Clovedon, abundantly. On the hill-side at Weston-

super-Mare. Cheddar. Shipham. Wintorhoad.

VT. VTT.
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MEUCA, Linn.

808. M. uniflora, Retz.

Native ; in woods and shady places, common.

G-. Berkeley. Dursley. Wotton-iHider-KdiTO. Tort,-

worth. Cook's Folly Wood. Ulaise Castle Wood.

Sea Mills.

S. Loigli Wood. St. Ann's Wood, Brislington

Bishport. Barrow Garney. Clevcdon. Congrcs-

bury. Portbnry. Portisliead. Weston-in-Gordano.

Wells. V. VI.

MOLINIA, Schrank.

899. M. ccerulea, Moench.

Native ; on wot heaths and commons, rare and local.

G. Yato Common. Specimens in the Step I ions

Herbarium show that it formcr'ly grow on Durdham
Down, where it is no longer to be found.

S. Abundant on the Mondip Hills, at Blackdown, and

about the Minories. VII. VIII.

POA, Lmn.

900. P. annua, L.

Native ; very common everywhere. III.—IX.

901. P. nemoralis, L.

Native ; in woods and hedges, frecpient.

G. St. Vincent's Rocks. Blaise Castle Wood. Sloke

Lane, Stapleton. Copse between Horfiold and

Filton. Bitton. Westbmy-on-Trym.

S. LeighWoods. Brislington. Flax Bourton. Portis-

liead. Walton-in-Gordano. Wells. VI. Vll.

903. P. trivialis, L.

Native ; in meadows, pastures, and waste places, very

common and generally distributed. VI.
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903. P. pratensis, L.

Native ; ill mcadowa, pastui'oB, and waste places, very

common and generally distributed.

The var. /3 subcairulca is the common grass of wall

tops in the vicinity of Bristol. Vl. VII.

904. P. compressa, L.

Native ; on dry banks and walls, cliielly by tlio tidal

Avon, rather rai'o.

G. Bank of Avon at intervals from Sea Mills to tlie

Suspension Br'idgc.

S. Bank of Avon under Loigli Wood. Bodminstor.

Clovcdon.

Tlio wall-top variety of 1'. pratensis is sometimes

reported for this species. VLL.

GLYCERIA, n. Br.

905. G. aquatica, Sm.

Native; in ditches, rivers, and ponds. Common a,nd

abundant in the marshy lowlands, of North

Somerset.

G. Bank of Avon above Bn'stol at Conham. Pilnirig.

Littlcton-on-Sevorn.

S. Bank of Avon at St. Aim's, Brislington. Canal

at Radford. Marsh ditches throughout the Cheddar

Valley to Brent, Burnhani, and lliglibridge. VII.

906. G. fluitans, li. Br.

Native ; in water, very common. VI.—VIII.

SCLEROCHLOA, Beam.

907. S. maritima, Limll.

Native ; in salt marshes and on the muddy banks of
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tidal rivers, and inlets from the Channel. Abun-
dant in tlio mud on botli sides of tlio Avon.

VI. VII.
908. S. procumbens, Jlcauv.

Native; on waste ground near tho banlvs of the tidal

Avon, very local.

G. St. Pliilip's Marsh. New Cut, by the General

Hospital. Hotwells. Bank of the river under the

Downs, and here and there as far as Shirohainptou.

Abundant on dredgings deposited in the Black

Bock Quarry, 1883 and 1884.

S. Bank of the river at Eownham. VI. VII.

909. S. distans, Jiah.

Native ; in damp waste places by tidal water, local.

G. In many places near the Avon, from St. Philip's

Marsh to Shirehampton.

S. Similarly by the Now Cut, and at Rownham
Ferry. Burnham. VI. VIII.

910. S. rigida, Link.

Native
; on and under old walls, and in other dry

places. Very common. VI. VII.

911. S. loliacea, Woodn.

Native ; in one or two spots near the Bjistol Channel,

very rare.

S. Sparingly on the hilt-side near the pier at Birn-

bock, Wcston-supor-Maro. Burnham ; Misn LiveLl.

BRIZA, Linn.

912. B. media, L. Quaking Grass.

Native ;
in meadows and dry pastures, very common.

VI.

(B. minor, L. There is a specimen in the herbarium
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of tho Bristol Naturalists' Society, stated to have

boon collected on St. Vincent's Rocks by Dr. Dyer.

It was doubtless a casual inti'oduction.)

CATABROSA, Pal de Beam.

913. C. aquatica, lieauv.

Native ; in ponds and ditches, frequent.

G. Alvcston. Berkeley. Bank of Avon above

Bristol. Hallen. Honbury. Filton Meads. Pools

about Horfield Common. Edges of ponds near

Clii{)ping' Sodbury and Yatc. Siston.

8. Meadows by Lock's Mills. Ditclies at I'ortbury

and towards Portishoad. Njiilsea. Yatton. Mai-sli

ditches and ponds near Woodborough and in tho

Cheddar Valley. Pools on M.ondip near the

Minorics. Peat-moors below Wodmore. Common
near Bath ; FL Baihon. VI. VII.

CYNOSURUS, Linn.

914. C. cristatus, L. Doffn-tail Qrass.

Native ; in meadows and pastures. Vcny common

and generally distributed. VII. VIII.

DACTYLIS, Linn.

915. D. glomerata, L. Gock's-fvot Grass.

Native ; in meadows and pastures.

and generally distributed.

Ve,i;y coiumou

VI. VII.

FESTUCA, Linn.

916. F. uniglumis, Sol.

Native ; on sea-sands, voiy local.

S. Abundant on dunes aiid among' loose sand on the

Channel shore above Burnham. VI.
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917. P. sciuroides, linth.

Native
; on dry banks and waste sandy places, show-

ing a partiality for tho pennant formation. Fi-o-

qnent.

G. On banks about Clifton and Dnrdham Downs.
Dry places on the bank of Avon under the Downs.
Brandon Hill. On quays by Cumberland Basin

Plentiful on rubble about tho pennant quarries in

Glen Frome. Troopers' Hill, by Crew's Hole.

Mangotsficld. Puckleclmrch.

S. Dry places on the bank of Avon below Bristol.

On walls and dry rocky banks at Clevedon ; Mr.

D. Fry. Between Brisliiigton and Keynsliam, on

coal-measures. On tho hill at Weston-gupcr-Marc.

VI. vn.
918. F. Pseudo-Myurus, Hoycr.

Native
; on dry waste ground, rare.

G. In plenty at the foot of tho rocks under Durdham
Down. On tho mounds of scoriiu, Crew's Hole.

On old colliery debris near Warmloy. Stapleton
;

Herb. Stephens. Near Mount's Hill, Kingswood

;

T)r. IlassS. Sparingly on a rocky bank close to

Thornbury station, Juno, 1884. Wyck llocks;

Add. Fl. Bathon.

S. About tho quarries on the bank of Avon, under

Leigh Wood. Stockwood ; Herb. Stephens.

VI. vn.

919. P. ovina, L.

Native ; in dry pastures, commons and banks, common.

VI.

920. P. rubra, i.

Native; on tho Downs, banks, and dry pastures,

common. VI.
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921. P. oraria, Dum.

Niifcivo. Mr. J. 0. Hakor ha.s (;on.sidcrod some plants

gathered on the bank of Avon, in Ashtoii Fields, S.,

to bo the F. suhulicola of Leon Dufour and other

botanists ; Swete, Fl. 92. As this Fostuca is

generally distributed on European sea-coasts, it

is highly probable that wo shall also find it among

the sand dunes between Burnham. and Brean.

922. P. gigantea, Vill.

Native ; in woods and hedges, rather common.

G-. Clifton Down. Shady banks of tho Frome, near

Staploton. Filton. Henbury. Copse near New
Passage. Between Thornbury and Littloton-on-

Sovcrn. Tortworth. Wotton-under-Bdgo.

S. Thickets on Bedminster Down. St. Ann's Wood,

Brislingtou. Between Abbot's Leigh and the

Tanpits. Flax Bourton. Clapton. Congrosbury.

Abundant about Clovedon. Walton-in-Gordano.

Wrington. Frequent near Wells. In woods and

hedges near Bath, plentiful. VII.

923. P. elatior, 8m.

Native ; in meadows and by the sides of ditches and

streams, especially near tho coast. Rather common.

G. Marsh under Ashley Hill. Bank of Avon at

Hanham and Conham, and again below Br-istol,

plentiful. Sodbury. Stapleton. Tortwortli. I'ilning.

Tho Passages.

S. Bank of Avon near Keynsham, and it grows in

very lai'go tufts on tho edge of the tideway below

Bristol. Ken. Yatton. Wells. Frequent on

ditch-banks in the lowlands about Bront, Burn-

ham, and Highbridgo. VI. VII.
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924. F. pratensis, Huds.

Niitivo
; ill damp rich meadows, by no moans com-

mon close to the city. Wo have obsorvcd it in

Ashton Fields ; in meadows above Sea Mills ; at

Long Asliton ; Brislington ; and on tho slopes of

Macs Knoll. At a greater distance it becomes fre-

quent in grass-fields. The var. fi loliacea has been

noticed between Rcdland and Hoi'field, and at

Plenbury, in the northern division of the district.

In Somerset wo liavo it recorded fr-om iJodminstor,

Bishport, Brislington, and Portishoad. VI. VII.

BROM US, Linn.

925. B. ere.ctus. Muds.

Native
;
on downs and dry banks, in pastures and by

roadsides. Common.

G. Abundant on Durdham Down and the slopes of

the Gully. St. Vincent's Rocks. On the railway

embankment between Sea Mills and Shirehampton.

Rough pastures between llorfield Common and

Filton Meads, llonbury. In profusion on the

slopes of Nibloy Knoll, and on the other hills in

tho same neighbourhood. Pucklechurch. Wost-

bury-on-Trym.

S. Leigh Down. Bedmijistei' Down. Boi'dcrs of

fields near Abbotsleigh. Very abundant on road-

sides botwecni Upper Failand, Wiuxall, and Tieken-

ham. At Upper Knowle, and between Knowlc and

Brislington ; flourishing both among tho mowing

grasses and also upon tho old stono walls. Abun-

dant in a hilly field at Keynsham; Mr. D. Fry.

Near Park Farm, Clovedon ; also on tho coast to-

wards Portishead. Great Elm. Wells. VI. VII.
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Var. (3 villosus. Combo Hay, noar Bath ;
Syme, E-B.

Kastoii, Miss lAveli.

926. B. asper, Murray.

Native ; in wuods, t,liickctn, and damp .sliady luidfrcs.

Ratlici' common aiul generally disttibuied. VII.

927. B. sterilis, Linn.

Na,tive ; on old walls, loadKiden, and dry, waKie pliuxiS,

very common. Vl.

928. B. madriteusis, L. a. 11. diandrus, Ourtis.

Native ; on banks, and rocky .slopes noar tho Avon,

below Bristol. Only upon the carboniferous lime-

stone ; very local, but fairly abunda,nt.

G. On St. Vincent'B llocks, and se;ittc!red along the

Downs and at the foot of the cpiarries as far a.s tlie

Sea Wall.

S. J3ank of Avon under Leigh Wood, cs\a,r,IJy

oppo.sito to tho Gloucestersliiro .station. VI. VII.

SERRAFALCUS, I'arlalurc.

929. S. secalinus, luih.

Casual ; on the (|uays, in waste places, and as a weed

on cultivated ground, rather nu'o.

G. St. riiilip's Marsh. ISank of Avon. Sneyd

Park. On drodgings deposited in the I Slack Uock

Quariy.

S. Kail way embankment near llallatrow. Roadside

at Woodborougli. VI. VI I.

930. S. racemosus, Varl.

Native ; in meadows and pastui'cs, common. VI.
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931. S. commutatus, Bah.

Native ; in diy pastures and cultivated ground, and

by I'oadsidos. Not so common as the last species.

VI. VII.
933. S. mollis, Pari.

Native; in meadows, pastures, and waste places.

Very common, and generally distributed. V. VI.

933. S. arvensis, Oodr.

Casual or Colonist ; on cultivated ground and waste

places, rather rare.

Q. Bank of Avon, under the Downs. On the quays,

near Prince Street. On old colliery debris, near

Warmloy. Hanham. On dredgings deposited in

the Black Rock Quarry, 1883 and 1884.

S. In clover-fields at Whitchurch ; Ecv. W. II.

Fainter. Cornfield between Bedminster and Bish-

port. VII.

BRACHYPODIUM, Fal. de Beauv.

934. B. sylvaticum, E.
,f H.

Native; in woods and hedges. Veiy common and

abundant. . . VII.

935. B. pinnatum, Boauv.

Native ; on limestone hills, rare.

G. Abundant on Stinchcomb Hill. Goi'ge near

Black Rock ; Herb. Stephens. In addition to the

specimens in the Stephens Herbarium, there is

plenty of evidence that this grass formerly grew on

rooky slopes above the Avon, towards the Sea Wall.

We have searched for it frequently without success.

S. Abundant at the Fii'-wood and Strawberiy Hill.

Clevedon. In plenty on Crook's Peak." At Chajl-

corahe
; Fl. Bathon. VII.
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The plant octiTirHiii liiT'go patches of a bright yellowish

green colour. This brilliant tint contrasts strongly

with the bi'ownish hue of the turf around, and

renders the spots conspionous at a long distance.

TRITICUM, Linn.

936. T. caninum, Muds.

Native ; in thickets and woods, rather rare.

Gr. Sparingly in thickets on Clifton Down. Combo
Dingle. Henbiuy. Bitton. Stapleton. Alveston;

Herb. Powell.

S. Brislington. King's Wood, near Yatton. Portis-

head. Woods at Walton-in-Gordano. WookeyHolo
and Ebbor Rocks ; Mr. J. G. Halccr. Frequent near

Frome ; Dr. Farsonn. VII.

937. T. repens, L. Gouch Orass.

Native; in cultivated ground and waste places. Com-

mon and generally distributed.

The awnod variety, ^ harhatum, has beenremai'ked on

ditch-banks at Pot'tbury, at Congresbury, and else-

where. . VI.-—VIII.

938. T. pungens, Pors.

Naijivo ; on tlus ha,nlcs of tidal rivers, and in muddy
waste places near the Channel. Locally common.

Thc! forms UUorale and pycnantluim, aro well repre-

sented by thc Avon estuary below Bristol.

VII. VIII.
929. T. acutum, B. G. T. laxum, Fries.

Nativ(! ; specimens gathered by Miss Atwood on the

banks of the river Av(m were authenticated by
Mr. Baker. Swota, Fl. 94. Wo cannot find it;

but thc plant is so gonerally distributed in mari-
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timo districts that wc soo no reason to doubt tliat

it exists upon our cxtcnsivo ooast-lino, altliough it

may no longer grow where Miss Atwood detected

it. VII. VIII.

940. T. junceum, L.

Native; on the coast sands of North Somerset at

Burnham, Brean, and Kowstoke, locally common.

VI. VII.

ELYMUS, Linn.

941. E. arenarius, L.

Native ; formerly on the shore of the Bristol Channel

near Burnham, and olsowhoro
;
probably extinct.

S. " Burnham, Berrow, and Steart, /. 0. Collins'

M8S." New Bot. Guide. In August, 1880, we
found a small quantity in a cove on the coast near

Woodspring Priory. The plant grow in a patch of

about two square yards on the shingle above high-

water mark. At that date the flowering-stems

were, many of them, four feet or more high, and

bore spikes nearly a foot long. Wo saw it again

in 1881, but on the next visit, in 1884, there was

none remaining. Cattlo from an adjoining pasture

had made their way down the low cliff at the back,

and were seemingly answerable for the destruction,

by having tra,mplod a path over the spot.

HORDEUM, Linn.

942. H. pratense, Ihuls. Meadow Barley.

Native ; in moist meadows and grass-fields, common.

Extremely abundant in the lowland pastures near

the Severn and Bristol Channel, forming a very

considerable portion of the ci'op.
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Gr. Alveston. Bei-koley. Durslcy. Charfiold. Littlo-

ton-on-Sovorn. Queen Charlton. Honbury. Puckle-

chui'ch, in great abundance. Pibiing. The Passages.

Shirehampton.

S. Bodminstor Meads. Bishport. Long Ashton.

Nailsea. Wells. Yatton. Plentiful in maritime

pastures towards Broan, Burnham, and Highbridgo.

VII. vin.
943. H. murinum, //.

Native
; by roadsides, and in dry, waste places,

common. VI. Vll.

944. H. maritimum, Withering.

Native ; in salt marshes and in sandy places near

tidal water. Rather rare.

G. Bank of Avon, below Bristol, from Sea Mills to

Avonmouth. Hero and there between Avonmonth
and Now Passage.

S. Coast sands above Burnham. VI.

LEPTURUS, JR. Br.

945. L. filiformis, Trin.

Native ; in maritime pastures and on ditch-banks in

salt marshes ; sometimes fringing the edges of the

muddy estuaries. Common in such situations.

G-. Now Cut, near the Hospital. Plentiful on the

verge of the mud-banks near llownham Ferry.

Bank of Avon btilow the Suspension Bridge at in-

tervals down to the mouth of the river. Shire-

hampton Marshes.

S. Bank of Avon at Rownham. In fail' quantity on

the mud-flats outside the sea-bank below Clevedon

;

Mr. I). Fry. Sands west of W(!ston-supor-Mare.
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Marshy sands near Borrow. Ditcli-banks and salt

marslioa between Burnham and Hif^hbridgc, on tho

banks of tho Bruo. VII. VIII.

LOLIUM, Linn.

946. L. perenne, //. Eye Orass.

Native ; in meadows and pastures, and by roadsides
;

very common and generally distributed.

A vciy curious form, assuming a stoloniforous habit,

grows in soa-sand at Kcwstoko, and also at Burn-

ham. VI.

947. L. italicum, A. Braun.

Alien. Half naturalised. Introduced by cultivation,

Common among mowing-grass, by roadsides, and

in w8;Ste places. VI.

948. L. temulentum, L.

Casual or Colonist ; in cultivated fields and waste

places, rare.

Q. Prince Street, 13.ristol. Roadside at Sncyd Park.

Cornfields, Alveston ; Ilerb. Powell.

S. In a barley-field near Nailsoa, 1880. Roadside at

Ken, 1881. In several cornfields near Bath; Mr.

T. B. Flower. VII. VIII.
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PIIANEROGAMIA.
Class 3. GYMN08.ri'lIiMJ<l.

CONi\n<]\iAi.

TAXUS, Linn.

949. T. baccata, L. Yew.

Wativo; in nearly all old woods npon the carbon-

iferous limestone. Locally common.

It is very abundant in Leigh Woods, and about the

rocky combos and hills at Brockley, Cleovo, and

CongresbuT'y. There are some especially fine trees

in the churchyard at West Harptrce, and in the

villages of Churchill and Compton Martin ; but

perhaps the finest and most perfect yew gi'ows in

Winscombe churchyard, whore its sheltered posi-

tion has pi'osei'ved it fi'om the shattering storms of

centuries. A larger and more ancient tree is

enclosed in the vicarage grounds. These trees may
have been planted when Winscombe manor was a

possession of Glastonbury Abbey. III. IV.

JUNIPERUS, Linn.

950. J. communis, L. Juniper.

Native ; abundant on some hill-sidos oast of Bath

;

on the extreme border of our district. Dr. St.

Brody, in his Flora of Weston, gives a locality noiii-

Uphill, which has not been confirmed. V.
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CRYPTOGAMIA.

EQUISETACE^.

EQUISETUM, Linn.

951. E. arvense, L.

Native ; in damp fields and on banks and roadsides,

very common. IV.

952. E. maximum, Lam.

Native; in wot places in woods, ditches, and liodf^os,

frequent.

G-. AsMoy Hill and Baptist Mills. Ilednfe-banks

between Eastfield and Filton. Quoen Charlton.

Wostbury-on-Trym.

S. Wot hollow in Leigh Wood near Rownham Ferry.

Laiie on Maes Knoll. Chow Magna. Clovedon.

Kewstoke. Woodspring. Woodborough. Yatton.

Wo have two specimens of tho fertile stem, in which

the terminal cone has its upper half divided, one

into fivo and the other into eiglit, erect bi'anches.

IV.
953. E. limosum, L.

Native ; in stagnant water, ditclies, and swamps,

frequent.

G. Between Thornbury and Littleton-on-Scvcrn.

Horfield.

S. Pond near tho lodge in Leigh Woods ; Herh.

Stephens. -Bedminster Meads. Abundant below

tho reservoirs of tho Bristol Water Company under

Dundry Hill, 1«81. Walton Drove, Clovedon. Very

plentiful in marsh ditclios about Draycot and else-



252 KQTTrSKTACKA', FILrCTOS.

where in the ChoddaT' Valley. Yatton. In the

oanal by T5ath ; Add. Fl. BntJion. VI. VII.

954. E. palustre, L.

Native ; in marsho.s, swamps, and ditch-banks, fre-

quent.

G. Marsh at the Boiling Well. Filton Meads.

S. By the Abbot's Pond, 'near Abbot's Leigh. Bod-

minster Meads. Clovedon. Winscombe. Yatton.

Abundant on ditch-banks between Brcsan and

Borrow. Frequent in boggy places ; Fl. Jkilhon.

VI. VII.

FILICES.

POLYPODIUM, Linn.

055. P. VTilgare, //. Common Polypody.

Native; on shady banks, walls, and old trees, very

common. Pinnic occasionally bilid a,t the end,

sometimes serrate or even (P. camhricum, L.) doubly

pinnatifid. VIII.—X.

956. P. Phegopteris, L. Ikcch Fern.

Native ; in a damp, mossy dell near Wells, S., whore

wo sa,w a patch extending some yards, in 18<S.'5 and

1884.. VII.—IX.

957. P. Dryopteris, L. Oak hWu.

S. In Leigh Wood, rare. Bhiorclifs Guide, 1789.

Loigh Wood, sparingly, 18;59. Mr. T. B. Flower.

In conversation Mr. Flower has explained to us that

this fern formerly grew with others in a damp,

boggy hollow near Eownham. W(! know the place

very well ; but the ferns are not tluiro now.
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958. P. Robertianum, llojfm. Limestone Polypody.

Native ; on limustone, raro and local.

In Loigli Wood, raro. Shierclijfs Ouido, 1789. Wc
understand that before tlie construction of the

Suspension Bridge and its approaches, the high

gi-ound on the Leigh side, above Mghtingale VaUey,

. was covered with heath, sand, and loose stones

;

and that P. Uohertianum gi'ew among the latter.

Plentiful at Cheddar. ISrockley. Burrington.

Cleeve. Kbbor Gorge ; Miss Liveit. V. VIll.

LASTR/EA, Prcsl.

959. L. Thelypteris, Presl. Marsh Fern.

Native ; in wot peat bogs, very local.

S. Once seen in a boggy spot between Portishead

and Clovedon ; Mr. 11. V. Skerrimj. Abundant on

the peat-iuoors at the southern limit of the dis-

trict. VII. Vlll.

960. L. Oreopteris, i'rcsL Stveot Mountain Fern.

Native; in woods and about heatlis and coirmu)ns,

rather rare.

G. Conham ; Ilerh. Stephens. Hcnbury ; Herb.

Powell.

S. Sparingly in Leigh Wood ; Mr. S. Bootsey ; Dr.

'fhwaites; and Mr. T. B. Flower. Ashton Manor

Woods; Miss Atwood; Swete, Fl. 96. Portbury.

Two or throe plants in Norton's Wood, by Clove-

don ; Mr. li. V. Sherring. A great many in a small

combo between Cleevo and Brockloy. In some of

the combes of Bliickdown. On Mendip near Cran-

m.ore Tower, where the old j-ed sandstone occurs
;

Pr. II. F. Parsons. VII.
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961. L. Filix-mas, Prcsl. Male Fern.

Native; in woods and on licdgc-banks, common.

VI. Vll.

962. L. spinulosa, FrcsL

Native
;
in wot thickets and bof^fs, rare.

S. Between the liummockw in boggy gi'ound on

Mendip, near tbo Mineiies. Leigh Wood, 1881;

Eev. W. II. I'ainler. roat-mooi-,s in the extreme

•south. Vlll. IX.

963. L. dilatata, I'rod.

Native; in. vvood.s and thickets, ratlior common.

VIlI. IX.

POLYSTICHUM, Roth.

964. P. aculeatum, Uoth.

Native; on hedge-banks and in woods. Frequent, but

no longer to bo found in some of tlie I'ocorded

stations.

' G. Blaise Castk) Woods; Herl). Powell. llanliam

and Bitton; Mr. T. B. Flower. Stapleton Wood
;

and liedgos near the Zoological Gardens, Clifton;

Swete, Fl. 9G.

S. Leigh Woods; Ht. A.nno's Wood; KoLston and

Claverton ; Mr. T. B. Flower. Uundry Hill ; Herb.

Stephens. Hallatrow. Portisliead. Damp liedgc-

banks close to tlio viJlago of Oompton Martin.

Lanes near (jroat J'ilm.

Var. /3 Aspidium lobalum, Sw.

G. Blaise Castle Woods ; Herb. I'owoll. Shirohamp-

ton ; Mr. T. B. Flower.

S. Sparingly in Leigh Woods ; :it Hoiirton and on

Uundry Down; Vr. Thwaiten. hi seveiul places
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near Bath
; Mr. T. B. Flower. Clcvedon ; Mr. W.

E. Green. Upper end of Clieddar Gorge.

VII. VIII.
The form or variety lohatum is unsatisfactory, inas-

much as it graduates imperceptibly into the type,

and vice versa. Our account is substantially cor-

rect
; all doubtful plants being referred to acu-

leatum.

965. P. angulare, Newman.

Native; on very shady hedge-banks and in woods.
Not at all common near Bristol.

G. Dursloy. Fronchay. Tortworth. Wotton-under-
Edge. Stapleton Woods ; Swete, Fl. 96.

S. Leigh Wood. Wood by the river Avon between
Pill and Ham Green. Hedges in Upper Failand.

Maes Knoll. Banwell. Churchill. Clovedon.
Clapton. Great Elm. Beechen Cliff, and wood on
Lansdown

; Mr. T. B. Flower. VII. VIII.

CYSTOPTERIS, Bemh.

966. C. fragilis, Bemh. Bladder Fern.

Native; on rocks and walls, showing a great par-

tiality for the carboniferous limestone.

G. A few plants on a wall at North Stoke, 1878.

S. Nightingale Valley, Leigh Woods ; llerh. Btephem.

Dr. Stephens' specimens are very fine. Recorded
from the same locality by Mr. Loo. II. Grindon
and by Dr. Thwaites, about 1840. The latter

botanist sent examples from Nightingale Valley to

the London Botanical Society, a fact which leads

.
us to suppose that the fern was then plentiful. At
the present time we much doubt if a single plant
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exists ill Leigh Woods. On Dundry Hill, still •

plentiful. Undor fir trees ncar Brock lev, 1nanv

very largo plants. Bnrrington Combe. Cheddar

Cliffs, on both sides of the gorge. In crannies of

the water-worn rocks on Men dip above Draycot.

Abundant on damp hedge-banks under DoUjery

Camp. Of very fine growth in East Ilarptree

Combo. On walls at Chewton Mcndip ; Gurney

Slado ; Litton and Stone Easton. Ebbor. Em-
borrow. Dulcoto Hill, near Wells. On walls near

the Mincries on Mendip. Stanton IJi'ow. Yatton.

VI 1. Vlli.

ATHYRIUM, Eoth.

967. A. Filix-foemina, Roth. Lady Fern.

Native^ in damp, shady places, frequent.

(1. Almondsbury. Pucklechurch. Tortworth. Wood
near Stapleton.

S. Several localities in Leigh Woods, and between

Abbot's Leigh, and Eailand. Axbridge. Bonrtoii

Combo. Brookley Combe. Norton Wood, Cleve-

don. Wood between Temple Cloud and Clutton

;

Mr. I). Fry. Sidcot. Frequent near Wells. In

several woods neai' Bath. VI. VII.

ASPLENIUM, lAnn.

968. A. lanceolatum, Iluds.

Native ; on sandstone I'ocks, very i-aro.

G . Fromo Glen, Stapleton ; Herb. Stephens. Oldbury

Court Woods, and lanes aboTit Stapleton ; Swete,

Fl. 97.

These records relate to one and the same locality,

where the plant was discovered by Mr. J. W.
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Ewing, of Norwich, who sojournod in Bi'istol iibout

1830. Scx5 note by Dr. Thwaitos in tho Phytohgist,

I. 75. Swoio (PZ. i)7) writes that, at hia date its

iU'oa was " not more than half a mile," implying

that it occuri'od over a considerable space, which is

to somo extent coniirniod by Dr. Tliwaites, loc. cit.

Undoubtedly tho fern lias shared the fate allotted

by collectors to all good things ; for tho late Mr.

W. W. Stoddart spoke of it ton years ago as being

only obtainable with tho aid of a quarryman and a

rope, and other information is to tho same effect.

969. A, Adiantum-nigrum, L. Blach Spleenwort.

Native; on walls and rocks, and occasionally on

hedge-banks, frequent.

G. Ilenbuiy Combo. Almondsbury. Aust. Tort-

worth. Wickwar.

S. Abbot's Leigh.

Magna. On rocks

Cliffs. South Stoke,

near Wells. Walton-in-Gordano.

dano. Near Yatton.

Failand. Olovedon. Chew
at Broan Down. Cheddar

Sandford. Shipham. Rarely

Weston-in-Gor-

VT.—IX.

970. A. Trichomanes, /;. Otmmwn Spleenwort.

Native ; on walls and rocks, frequent.

G. Frampton. Kingswood. Sioko Gifford. West-

bury-on-Trym.

S. Rocks in Ijeigh Woods. Old walls at Long
Ashton. Clapton. Tickenliam. Walton-in-Gor-

dano. Shipham. Stanton Drew. On Mendip
above Axbiidgo, Draycot, and Cheddar. Old mine
shaft on Dolbery Camp. In ail the parishes at tho

back of tho Mondips. W(^1Ih. Proquont about

Bath. v.—X.
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971. A. marinum, L.

Native; in tho crovic;cH of rockM on tho coast of Nortli

Somerset, very rare.

S. Between Portishoad and Clove<Ion; TTerh.Stephenn.

It growa on rocks at Waltxm-in-Gordano, and be-

tween there aiul l^ortishoad. Sparingly on rocks

at Broan Down; Mr. T. F. Forkim, 1H81.

972. A. Ruta-muraria, //. Wall Jtue.

Native; on rocks and old walls, very oommon. It

may oft«n bo seen in tbo older parts of Oliftxm; as

nndorncath Royal York Crescent, and on Richmond

Terrace. V.—IX

SCOLOPENDRIUM, Sm.

973. S. vulgare, 8ym. TTart's-tongue.

Native ; in damp, shady places, common. We have

scon plants bearing fi'onds bifid, crisped, or con-

t/irtod in various ways. VTI. VIII

CETERACH, Willd.

974. C. officinarum, Willd. liudyharJc.

Native ; on old walls, I'ocks, and banks, common.

Very abundant about Bristol, and one of the pret-

tiest ornaments of our limestone walls.

G. In plenty at Almondsbmy. Rocks at Ponpolc

Point. Fronchay. Thornbary. Westbury-on-

Trym.

S. Limestone rocks in Leigli Woods. Old walls at

Long Ashton. Flax Bourton. Banwell. Coiigrcs-

bury. ChTirchill. Clovodon. On Mcndip at

Cheddar and Draycot. Downside. Compton Martin.

Tiekenham. Stanton T)row. Stono Faston. Walls
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about Pill and Ham Green, liocks iit Erean Down.

Wells. Winscombe. Yatton. Abundant in all

the pariahea at the back of the Mondijia. Frequent

on walls near Bath. IV.—IX.

BLECHNUM, Linn.

975. B. boreale, Sw. Jlard Fern.

Native; in woods and on conuuonB, rather rare.

Nearly absent from the neighbourhood of Bristol,

and, in common with all other fenis, much reduced

in quantity by the ravages of itinerant street

hawkers, who bring the roots into Biistol for sale.

0. Wyck. Yato Common.

S. Still plentiful in some of the pi'csorved portions

of Leigh Wood. Formerly in St. Anne's Wood,

Brisliugton. Blackdowu. Sparingly in Cleovc

Combe. Norton Wootl, Clevedon. Sparingly near

Wells. Near Yatton. Vll. Vlll.

PTERIS, Linn.

976. P, aquilina, L. Brakes ur Bracken.

Native ; in woods, and on heaths and commons. Very

common, except in the alluvial lowlands.

VII. VIII.

(Adiantwm Capillus-Veneris, L. We have come across

several accounts of the capture of liiaiden-hair

ferns in various localities in the vicinity of Bristol

and wo give them for wliat they are worth.

" Under a bridge at Compton Dando, S., wliere it has

been known some years."

"At the mouth of an old well near Clevedon";

quoted in Cyh. Ihil., vol. iii.
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" Tlir/oo pLwits, ^^rowing in tho iiir-shaft of a stono

quariy somo tJiirty foot bolow tlio ground, at Combo

Down, near Bath," 1853. li. J. Lowo ; Fhytol. iv.

1100.

" In tho year 1851 I found a plant or two of it on

moist rocks in the neighbourhood of Clioddar, in an

out-of-the-way situation, and loft tho i-oots unin-

* jurcd." W. II. Ilawher ; Thytol. v. 82.)

(TTymendjihyUtim Lunbridgense, Sm. In a shady lano

near Shopton Mallet; 8ule, MB. 1782. Not con-

iirniod.)

OSMUNDA, lAmi.

977. 0. regalis, L Royal or Flowering Fern.

Native; in peat bogs and swa-riips, very rare.

S. An old publication (West of Engl. Journ. of

Science and Idterature) states that it formerly grow

in Leigh Woods. Formci'Iy in a wet copse on

Walton Moor ; now extinct. On tho Burtle turf

moor, north of the railway, July, 1881. At one

time it extended north as far as Wedmore ; but is

now chiefly confined to tiu; southern turf moors

outside tho district. Vll. Vlll.

BOTRYCHIUM, Sw.

978. B. lunaria, 8w. Moon, Wort.

Native ; on downs and hilly pastures, rare.

G. Kingsweston Hill; Miss Powell, Swcte, Fl. 98.

Penpolo I'oint ; Mr. W. W. tStoddart.

S. Clovedon; Mr. E. Green. By Walton Castle,

Clevodon; Mr. T. IJ. Flower. Callow Hill, near

Sidcot ; Uerh. Stephens. On the hills about Wins-
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combo. Oiio plant in a field oh Tining's Farm,

near CLoddar, with Vicia Orohus ; Juno 27, 1883.

JJotwocn Clavci-toii and 13atli ; Add. Fl. liathon.

Pen Hill, noar Wells. V.—VII.

OPHIOGLOSSUM, Linn.

979. 0. vulgatum, L. Adder's Tongue.

Native ; in damp pastures, and on grassy roadsides,

common.

G. In fields under Asliloy Hill, and near tlio Duchess

Ponds, Stapleton. Filton Meads. Haw Wood, and

Blaise Castlo Wood; Herb. Fowell. Frome Glen;

Swote, FL, 98. Very abundant in meadows between

llenbury and Compton Greenfield, 1880. Stoke

GilTord. Thornbury.

S. Roman encampment, Leigh Wood. Grassy bank

by the side of a road near the Abbot's Pond.

Brislington. Failand. Abundant in fields between

tho Bridgewator road and DundryHill. On the hill

at Kewstoke. Fields at Breach Hill, near Chew

Stoke ; and at Compton Mai'tin. Orchards at

Wiriscombo. Pastures neai- Wells. Yatton. Fi'c-

([uent about Bath ; FL Bathon. V. VI
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LYCOPODIACE^^:.

LYCOPODIUM. Linn.

980. L. clavatum, L. Common Club Mosti.

Native. Among long gra«a m open ground, on a hill

near Clevodon. Stated in tlio Fhytulogist to liavc;

boon abundant t<jwai'dH the beginning of the

century. In fair quantity, 1885.

981. L. Selago, L. Fir Cluh Moss.

Native ; with tfie laat spociea, very Kparingly. Din-

covcred by Mr. Mason in 1884. The plant ia faii-Iy

common in the west of tlie county.

CUAllACE.^.

CHARA, Linn.

982. C. flexilis, L.

a. In the canal at Bath ; Fl. JJatfum.

983. C. foetida, A. Ik.

G. Syaton ; l)r. llojisc. Eaatiield.

984. C. hispida, L.

S. Walton-in-Gordauo ; Ko-w Jlcrharium. In th

canal at Uath ; Fl. Bath<m.

985. C. aspera, W.

S. Ditcheu near Portbury. Clovedon. Yatton.

986. C. vulgaris, L. var. lunyibrm-teata.

S. Vu<A iMjtweeu IJcdminater and Whitchurch, 1882.

The Characero have not I'oceivcd a fair moasni-e of at-

tention.
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Acer campestre .... :i()

Pi^i'Aidoidatamis .... Hti

Achillea 'nilllcfolium, . . loo

1
'liohiUs 100

100

Aconite 11

Aconitum NapeUuK . .11 , 141)

Acorus CalamiK .... •M'l

Adder's tongue 2()l

Adiantum Gapillus-Veneru 251)

Adonis autiimnalU . .
(i

Adoxa Moschatellina . . Hi)

^gopodium Podagraria . V7

^thusa dynapium . . . !)0

Agrimonia Eupatoria . . i)!)

55

i)(i

Agrostis alha 2.S'J

ctiniua 231

stoloidfera 232
vn

Aira. bi'cvifolia 234
234

caryophyllea .... 234
234

prtecox 234
Ajuga Chamcepitys . . . 152

rep tans 143

Alchemilla a)T(!j)st». . . 5(5

V,

Alder 174

black 42
83

Alisma lanccolata . . . 194
I'lantago 194
rannnciiloides .... 194

Alismacese 194

Alliaria officinalis . . . 17

Allium hullnferum . . . 201
covipactum 201
oleraceum 202
tphceroceplialum . . . 201
ursmum 202
vineale 201

riOK
AInus fllutinosa 174
Alopecurus agrcstis . . . 229

hiiilmiius 229
geniculatus 229
pratcnsis 229

A\sine tenui/olia . . . .30,177
vc.rna 30

Althaea liirsuta ;-!4

officinalis 34
Alyssum maritimiim ... 19
Amaryllidaceae 192
Amentiferae 170
Anacharis Alsinastrum . . 184
Anagallis arveiisis .... 140

cierulea 145
tene.Ua 146

Anchusa nflicinalis .... 122
sempervirens 122

Andromeda. polifoUa . . . 117
Anemone nemorosa . ... 6
Angelica sylvestrix .... 81
Antennaria .... 100, 151
Anthemis Cofnla .... 101

iiobilis 101
tinc.toria 100

Anthoxanthum odoratum . 228
Anthriscus vulgaris ... 83
Anthyllis vtiliirraria ... 48
Antirrhinum majus . . . 130
Apium graveolens .... 7(;

irmndatum 7(')

nodijlorum 70
repais 7fi

Apple (5f,

Apocynaceae l]()

Aquitoliace£e ..... 118
Aquilegia ?;w/f;a?-i.s' .... 11
Arabis liirsuta 15

perfoliata ig
stricta 15

Araceae 207
Archangel 141
Arctium intermedium . . . 105

ma/jus 105
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PAOB
Arctium mimu 105
Arenaria leptocladoa . . . 177

serpiiUifoUa 30
sphwrocarpa 177
trinervis 30

Armeria marilima .... 147
Armoracia amphibia ... 20
ruHictma 20

Arrhenatherum 230
Arrow-hoad 194
Artemisia ^/Mwit/jttiwi . . . 102
maritima 102
vulgaria 102

Arum maculatum .... 207
Ash 112
mountain (!G

Asparagus officinalia . . . 19G
Aspen 173
Asperula cymmchica ... 91

udoratn 91

Asperugoproc-umfceHi) . . . 121
Asphodel, bog 204
Aspidium 254
Asplenium Adlantum-nigium 2f>l

lanceolatum 250
narinum 258
Jiuta-muraria 258
Trichomane.s 257

Aster Tripolium 9(')

Astragalus filijcyphijUoa . . 49
Athyrium FUix-famina . . 25G

Atriplex angustifoUa . . . 158

Bahiiiiitonii 158

deltoidea 158
erecta 158

farinosa 158
haslata 158
laciniata 158
patula 158
rosea 158
Smithii 158

Atropa Ilalladonna .... 125

Avena fatna 235
pratensis 235
pubescenn 235

AvGiis fil

Ballota /(Btiite 143
Baliri 138
Barbarea prrccux .... 15
vulgaris 15

Barberry 11

Barley, meadow 217

PA.OB

Basil 138
Bath asparagus 200
Beam, white 66
Beech 174

fern 252
Beet 157
Bellis p«)'omis 97
B(!ll llower 115
Berberidacese 11

Berberis vidiinris .... 11

Beta maritima 157
Betony 142
Betula alha 174
Bidens ceniua 105

tripartita 104
Bilberry 118
Birch 174
Bird cherry 54
Bird's-ioot 53

nest • ... 190
Black Alder 42
Blackthorn 53
Bladderwort 144
Blechnum horealc .... 259
Blue-bell 202
Bluo-bottlo 106
BIysmus compressiis . . . 216
Bog-As))hodel 204
Borage 122
Boraginaceae 121
Borago offieinalis .... 122
Botrychium Lmiaria . . . 260
Brachypodium pumaton . 245
sylvalicum 245

Bracken 259
Brass\ca. campestris . ... 18
Napus 18
llapa 18

Briza media 239
minor 239

Brom us aspe?' . . . . . 244
diandms 244
erectiis 243
miulritensis 244
steriUs 244
villosus 244

Brooklimo 133
Broom 43
Broomrape 127
Bryonia dioica 71

Bryony, black 1H3

red'. 71
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Buck-bean 120

Buckthorn 41

Bugle 143

BuUace 54

Bulrush 20G

Bunium,//i;.i;Mosttm .... 78

Bupleurum rotundifoUum 79, 86

leimissiiimm 78

Burdock 105

Burnet, lesser 55

roeo 61

Butcher's Broom 198

Butomus miihcUutus . . . 195

Butter-bur 9G

Ihittercup 9

Cakile maritiina 23

Calamagrostis lipigcios . . 231

Ciiliunint 138

Calamintha Acinos .... 138

Glinopodium 138

Nepeta 138

officiniiHs 138

Callitrichaceae ICT

Callitriche hamulata . . l'>8

o}>liis(ni(jida l'>8

plalycarpa 168

stagnalis 168

verna 167

Calluna J«!.(jians 117

Caltha Gueranqerii .... 10

palustrix 10

Camelina sutiva .... 20, Hfi

Campanula glomerala . . . 115

latifiiia 115

nettle-leaved 115

patula 116

persicifoUa 116

rapunculoides 116

rotundifolicB 116

Trachelium 115

Campanulaceffi 115

Campion 28, 29

Canary-grass 228

Cannabis salivii 169

Caprifoliaceae 89

Capsella Iliusd-PasUms . . 22

Cardamine/ic.-rHD.'id . . . 16

hirsitta 17

impaticns .... 16, 85, 177

pnilciisis 16

xijlratica 16

Oarduus (icaiilhoidcs . . .107

Ca.rduiis acauliH 108
arvcnsis . . . 107
cnspus . . . 107
dubius . . . . 108
eriophorus . 107
Gihsoni . .

. 108
lanceolatus .

. 107
mitnns . . .

. 107
]>(i.hi.rl}'is .

. 108
priitensis . .

. 108
tenuijiorus

. 107
Carex ampidlacec . 226

arcnaria . . . 218
axillaris . . . 219
hinervis . . . 225
cUiiulestiun . . 223
DdvaUiana .

. 217
dcpaiipcraUi .

. 225
diflitala . . 223
diatans . . . 225
dUllcha

. 218
divisa . . .

. 218
diviiUa

. 219
externa . . . 225
flava . . . . 224
ijlauca . . . . 224
liirta . . . . 226
humili.f . . . 223
intermedia . . 218
le.pidocarpa . . 224
limosa . . . 222
muricaia . . . 218
vvalis . . 220
pallescens . . . 221
paludosa . . 226
panicea . . . 221
panicnlata . . 219
pnidiila . 222
pilnlijera . . . 224
ptuecox

. 224
I'sriido-rAJperus . 226
pulicaris .

. 217
remota . . .

. 220
riparia

. 227
sti'ilulata . . .

. 220
stri(iosa

. 222
sylixitica . . . 225
1eri'ti\iu:ula .

. 219
vulgaris

. 221
vulpina . .

. 218
Carlina miUinris . 105
Oarpinus Iktulu^ . 175
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PAGH
Carrot 82
iCarum 78

Caryophyllaceae .... 28
Castanea vuliiaria .... 174
Catabrosa aqimtica . . . '240

Cat Mint llil)

Caucalis dauc.oides .... 82
Celandine 1;!

lessor <i

iCelory 7(i

Centaurea Cyannx .... 106
decipiem 100
melitensis 10(i, 151
nigra lOli

paiiJculiUa 10(1

Scahi<)i<(i, 100
xohlitiiiJis 151

Centaury 120
Centranthus rubier .... 93

Cephalanthera ,9»Y(n<i'(//ora . 191
Cerastium nlomeratum . . 31

pumilum 82, 177
temidecandrwm 32

tetrandum 32, 178
trivial!', 32

Ceratophyllum I(i7

demertum 107
siihmersum 107

Ceterach oljlcimiritui . . . 258
Chaerophyllum Aulhrisais . 8.3

sativum 82

sylvestre 82

temulnni 83
Clmmomilc 101

Characeae 202
Charlock 18
Cheiranthus (llwiri ... 14
Chelidonium majus ... 13

Chenopodiaceae .... 155

Chenopodium nlhum . . . 150

liovus-llenricus .... 157

ficifolimn 150
hybridum 150

murale 150
olidum 155

paganum 156
polyspermnm 155

pseudo-hotryode« .... 157

ruhrum 157
urhioum 150
Vulvaria 156

Cherry 54

PAGE
Chesiiut 174
Chickweed 31

Chieory 109

CMor^i per(nliaia .... 119

Chrysanthemum I.i'ucaii-

ilunniim 101

segpUmi 101

Chrysosplenium allcrid-

Jdliiiiii 74
<)])j)oiiitifnllia!t 75

Cichorium J«i;/frMs . . . . 109

Cicuta 7)j/'o.s-a 70
Circssa. Iii-lctiana 70
Cladium Marisam . . . .214
Cleavers 92
Clematis Vitalbn .... 5

Clover 44
Club-moHS 262
Cochlearia a.nijlica .... 20
danica 20
officinalin 19

Cock's-foot grass 240
Co\ch'\c\irr\ a:ii,timmali; . . . 203
Colt's-foot 96
Columbine 11
Comarum palnntri' .... 57
(]oi(ifi'<;y 12.3

Compositae 90
Coniferae 250
Conium maadatum .... 83
Convallaria jwy'aZi'i . . . 196
Polygimalmu 197

Convolvulacese 121
Convolvulus a.rveiisis . . . 121

sejrium 121
Soldanella 121

Corn blue-bottle 100
cockle 29
marigold 101
salad 94

Cornaceae 84
Corn us staiguinea .... 84
Corydalis claviculata ... 14

hiU'ii, 13
Corylus Avellmia .... 175
Cotton grass 217

thistle! 107
Cotyledon Umbilicus ... 73
Couch grass 246
Cow parsnop 81
wheat 131

Cowslip 145



INDEX. 267

VA-QK

Grab Ap])lo (iO

Crambe maritima .... 23
CrassulacecB 71

Crataegus monojinna ... 65

Oxijdcantlia 05

Crepis biennis 151

sctomi lis

taraxacifoUa 113

virens 113

Crhhmum niaritimum . . . 81

Cross-wort 91

Crowfoot !*

Cruciferae 14

Cryptogamia 251

Cuckoo llowcr 16

pint 207

Oucurbitaceae 71

Cudweed «»

Currant, black 73

red 74

Cuscuta 121

Cynoglossum ofl'windh' . 121

Cynosurus criHlaUis . .
240

Cyperaceae 213

Cyperus lontius 213

Cystopteris/raf/iJt.s' . . . 255

Dactylis glomerata .... 240

Daffodil .' 193

Daisy 97
ox-eye 101

Dame's Violet 17

Dandelion 112

Danowort 90

Daphne Laureola .... 164

Mczuremn 163

Darnel 249

Dedura. Stramouiam . . . 127

Daucus Carota 82

Dead-nettles 141

Delphinium Ajacis ... 11, 86
])evil'sbit .

.' 95

Dewberry 01

Dianthus Ariii^ria . . 27, 149

casxiuH 28
deltoides 211

(jlaucus 211

proUfitr 86

Digitalis ymr^u/Cft .... 130

Dioscoreae 183

Diplotaxis vmraliH .... 19

tciuiifolid. 18

Dipsacaceae 94

PAOE
Dipsacus Fullonum .... 94

pilosu.1 .-95
sylvestris ....... 94

Dock 159
Dodder 121
Dog's mercury 166
Dog-rose 63'

Dog's-tail grass 240
Dog-wood 84
Doronicum FardaUanches . 103
Draba mumlis .... 19, 85
verna 19

Drosera anylica 27
intermedia 27
rotundifolia 27'

Droseraceae 27
Duckweed 208
Dyer's-weed 42
Echinochloa Crus-GalU . . 227
Echinospermum Lappula . 121
Echium vuh/arc ..... 123
Elder go
dwarf .90

Elecampane 98
Eleocharis mM/,ti(;a!(/i.s'. . . 215
pidustris 215

Elm, common 17O
wych 170

Elodea canadensis .... 184
Elymus arenarius .... 247
:Mn(!banter's Night.shade . . 70
Endymion nuUms .... 202
Epilobium 68

angustifolium 68
hirsutum 68'

lanceolatum ,68
inacrocarpum 68
vmiitajmm 68
obsm.riun 69
piilnstre ....... 69
parviflonmi 08
rosfum 69
tetrngonum (59

Epinnedium alpiinini ... 12
Epipactis latifolia .... I9I

paliistriiy 191
Equisetaceae 251
Equisetum arveii.se .... 251

li'iiivsiim 251
ma.r.iiimm 251
pabixt.re 252

Erica cinerea 117
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Erica Tetralix 117
vaijans 117

Erigeron acrU 97
Cdtuidoiaiit 97

Eriophorum pi)lijst<icIi.'ioii, . 217
vajiimitum 217

Erodium cicutarinm, ... 38
mantivmm 39
mnschatum 39

Eryngium ciimpestre ... 75
maritimum 75

Eryngo .75
Erysimum c/iem™(A()«/(,'s . . 17

orirntdle 80
Erythrsea Ocntaurium . . . 120

piUchella 120
Euonymus cii,rnpimn ... 41
Eupatorium amnahlnuvi . . 96
Euphrasia officinalin . . , 133
Euphorbiaceae 104
Euphorbia (imi/flilaljiidex . . 100

cpilhi/moidfs 105
exipua 100
Helioscopia 105
Lathyru 106
Paralias 100
FepUs 104
Pepliis 106
pilosa 165
platyphylla 164
utricta 104

Evening primrose 09

Eye-bright 183

Falcatula ornitJi/'padioides . 47
Fagus sijlixitica 174
Farsetia incana 80
Fennel 80
Festuca elatior 242

giijantea 242
loUacea 243
oraria 242
ovina 241
Pseudo-Mym-iiK 241
pratensis 248
rulmi 241
iahuKcola 242
sciuroides 241
uniglumU 240

Fever-few 101
Filago npicioldta 99

gernianica 99
luteacens 99

Filago minhiui

Filices ....
Flag awoet .

yellow ....
Flax
Floabanu . .

Flowering fern

Fceniculum vnl<i<iri

Fool's-parslcy . .

Forget-mo not . .

Fox-glove
Fox-tail grass .

Fragaria elatior .

vctirit ....
Fraxinus rxcehior

Fritillaria Uleledijri

Frog-bit ....
Fumaria cojifusa.

Jordani
officinalis . .

pallidijlora .

Fumitory . .

Furze
Gagea lutea . .

Galanthus vivalis

Galeopsis Ladanuv
Tetrahit .

Galium Aparine .

cruciatum
MoHugo . . .

paliistre

pusillum . . .

suxatile . . .

sylveatre . . .

tricorne, .

vliginosum .

verum ....
Garlic ....
Gastric! i um Imdigerurn
Genista anglica .

tiiiotoria .

Gentiana Avuirella,

campratrin

Geranium colitmliinu

diKsrctuin .

lucidnm , . .

moUe ....
phieum. . . .

pratense .

pusillum .

pyreriaicum .

liohcrtianum . .

I'SOK

99
252
207
192
40
97

200
HO
80

124
130
229
57
57

119
198
184
14
85
14
85
18

42
201
194
141
142
92
91
92
92
92
92
92
91

92
92

201
238
42
42
120
120
38
38
38
37
30
36
88
87
38
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Geranium rotxmiUJtiliiim . . 87
sanguirieum 37
striatum 30

Geum intermedium . . . . Gl

rivale Gl

urhanum Gl

Gilia capitata 80

Glaucium luieum .... 13

phamiceum ,80
Glaux maritima l^C

Glyceria aquatiea .... 238

Jluildnx 238

Gnaphalium sylraticum . . 100

uliginvsiim 100

Goat's-bcfti'd 109

Golden-rod 97
Gooseberry 73
Goose-gras.s 92
Gout-weed 77
Gramineae 227
GnndeUa fqvarrosa. . . . 115
Ground ivy 110
Groundsel 103
Guelder-rose 90
Gymnadenia Conopsen . . 180

Gymnospermaa 250
Gypsophila muralh . . . 80
paniculata 177

Habenaria hifolia .... 187
chlnrantha 187
viridis 187

Haloragaceffi 70
Hare-l)oll 110

Hard fern 259

Hart's-tongue 258
Hawthorn 05

Hazel 175

Heartsease 27

Heath 117
Hedera IJclix 83

Helianthemum caimm . . 25

ledifolium 25

polifolium 24

vulgare 24

Hellebore green 10
stinking 10

Helleborus/ojttdit.i .... 10

viridis 10

Helminthia ecJiioidcs . . . Ill

Helosciadium 70
Hemlock 83
Hemp agrimony 90

Hemp nettle 142
Henbane 120
Heracleum Sphtmdylimn . . 81
Herb Paris 183

llobert 38
Hermrnium Monorchis . . 189
Hesperis mntromdis ... 17
Hieraciunn avrantiacum . . 113

horeale 114
cccsimn 113
ffothicum 114
macula turn 114
murorvm 113
rUiKella 113
tridentatum 114
umhellatum 114

vulgatum 114
Hippocrepis comosa ... 53

Hippuris vulijarh .... 70
Hog-weed 81

Holcus lanatiis 233

mollis 233
Holly 118

Honckeneja 30
Honeysuckle 90
Hop 109
Hordeum maritimum, . . . 248
murinum 248
pratense 247

Horebound 143
Hornbeam 175

Horned Poppy 13

Horseradish 20
Horsetails 251

Hottonia palusfris .... 144
Houud's-tongue 121
House-loek 73

Humulus Lvpvlus .... 109
Hutchinsia jwtivEo .... 21

Hydrocharis Morsus-liaiia . 184
Hydrocotyle vulgaris ... 75
Hymenophyllum Tunhrid-

gense 200
Hyoscyamus iiiger .... I'iO

Hypericum Androsii;mtim . . 35
calycinum 35
datum 35
hirciimm 35
liirsutiim 35
huvdfotsum 85
montanum 35
perforatum . . . x. . . 35
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V\GK
Hypericum piilchrmu . . . 30
quadrangulum 35
tetrapteruvi 35

Hypochoeris radicnta . . . 109
Ilex A(iuifolium IIH

Inula Cotiyza 98
Helenmm 98

\r\s faitidissima 19'2

Pseud-acoruK 192

Isatis tinctoria 23

Ivy 83

ground 140

J uncus acutiflfirus .... 205

Imfonius 20(i

eompress'iiK 205
Koiuilomeraliis 204
ejfiisus 204
Oerardi 20(i

plaucus 205
lamprocarpus 205
maritimus 204
nifiritnllus 205
obtnsi/lorus 205
squarrosiiH 205
mipinus 205

Junlperus commmiu . . . 250
KnA-pweed 100
Knautia arvensis 95
Knot grass 1(!2

Koeleria cristata .... 230

Labiatae 135

Lactuca nmralis 112
saligna Ill

virosa Ill

Lady's fingers 48
tresses 190

Lady fern 250
Lamb's lettuce 94

tongue 148

Lamlum album 141
amplexicaule 140
Oaleohdolon 141
incuum 140
maculatum. 141
purpureum 141

Lapsana communis .... 108
Larkspur 11

Lastrea dilatata 254
Filix-VHU 254
Oreopteris 253
Thelypteris 253
spinulosa 264

I'AOK

Lathraea Squnmaria . . . 128

Lathyrus Jpluica .... 51
hirsutus 51

liUifolius 52
nuicrorrhizus 52

Nissniia 51
pratimaU 52
.v/lncHtris 52
tenidfoUiw 52

Lavatera arhorea .... 34
Leguminosse 42
\-emnaiiihha 208
minor 208
polyrrldza 208
tiisulca 208

Lentibulariacese .... 144
Lent Lily 193
Leontodon imtunmale. . . . 109

hixputuvt 109
Leonurus (Jardiaca. . . . 141
Leopard's bane 103
Lepidium campenire ... 22

JJraha 21

latifolium 22, 85
rmkrale 22
snlivum 22
Smithii 22

Lepigonum iiiariuum ... 33
riihritmi 32

Lepturus fdiformis .... 248
licttufio . . Ill
Leucojum aistivum .... 193
Ligustrum vulijare .... 118
Liliaceaj 198

Lily of tlio valley .... 190
Ijime-lr(!C 34
L\n3.r\a. Cymhalaria . . . . 130
Klatine 130
minor 131

Pelisuriana 130

purpurea 131
spuria 130
vulfiaris 131

Linaceae 39
Iiing 117
Linosyrls vulfjaris .... 98
Linum amjusHfolium . . . 39

catharticum 40
iLnta.ttftnivium 40

LIstera ovata 190

Lithospermum arvensc . . 124

ojjlcinalc 123
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Lithospermum
piirpureo-cmruleuiu . . . 123

Lolium italicum 249
perenne 249
temulentum 249

Lonicera Fericlymenum . . 90
Loosestrife 68

Loranthaceae 89

Lords and Ladies 207
\-Otus anqustitisimus . ... 48

corniculatus 48
major 48
tenuis 48
villosm 48

Lousewort 132

Lucerne 43

Luzula rariificstTO .... 20(i

congesta 20(i

multifiora 20((

pilosa 20(!

sylvatica 206
Lychrtis diurna 29

Flos-cuculi 28
Githago 29
vespertina 29

Lycium harharmn .... 127
Lycopodium clavatmn. . . 2(i2

Sclago 2fi2

Lycopsis arvensis .... 122
Lycopus curopieus .... 13(i

Lysimachia nemorum . . . 14 (i

Nil iii,in'i(larla 14(t

vidgaris 145
Lythrum Saliciiria .... 68
Madder 98
Maiden-lmir 25'.)

pink 211
Malachium aquaticmu. . . 31
Male fern 254
Mallow, marsh...... 34
muek 33
tree 34

Malva nmschata 33
rotundifolia 34
sylvestris 33

Maple 3(')

Mare's-tail 70
Marjoram 137

Marrubium vulgare . . . 143
Marsh fern 253

marigold 10

mallow 34

I'AtiR

Ma,t grass 231
Matricaria Chamomilla, . . 101
inodora 101
Farthenium 101

Meadow barley 247
rue 6
saffron 203
sweet 54

Meconopsis camhrica ... 13
Medicago denticulata ... 44
falcata 86
hipuUiia 43
maculata 43
miniiiia ..... 44, 149
sativa 43, 86

N\e\ampyrum pratense . . 131

Melanthaceae 203
Melica uniflora 237
Melilotus'uf/M .... 44, 86

officinalis 44
Melissa ojficinalis .... 138
Mentha aquatica .... 136

arveiisis 136
Idrsnta, 136
piperita 136
rotundifolia 135
saMva 136
sylvestris 136

Menyanthes trifoliata . . . 120
Mercurialis annua .... 167

pi'miuis 166
Mespllus gcrnuinica . . . 65
M(!zereou ' 1(>3

Millefoil 100
Milium eff'nsvm 230
Milkwort' 27
Mimulus lutens 182

Mint, cat 139
corn 136
horse 136
pepper 136

Mistletoe 89
Moench'ia. erecta. . . .32,211
Molini.i cir.rulc.a 237
Monk's-hood n
Money-wort 146
Monotropa llyjiopitijs . . 118
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Trig\ocb\n muritirimiii, . . . 195
pahtatre 195

Trilliaceae 183
Tr\n'\a. vulgaris 77
Triodia decumbens .... 236
T riseXum Jlavesecna . . . . 235
Triticum a,eutum .... 240

barbalnm 246
can ilium 246
juiiceum 247
laxuin 246
littorale ....... 246
jiycnantlium 246
repens 246



!78 TNDHX.

Tulipa sylvmtru .

Tumij) ....
Tussilago Farfara
Tutsan ....
Tway-blado . . .

Typha aniiiistifoUa

UtMJolla .

Ulex europtf.iis

Gallii ....
Ulmus ylahra . .

montana ...
suherosa . . .

Umbelliferae - .

Urtica d'w'uui . .

pilulifera . . .

nrens ....
Utricularia vnlijdris

Vaccinium Myrtilbi

Valeriana dioica .

officinale . .

Valerianella Auricii-

dcntata

olitoria . .

Verbascum ISlattiiri

Lychnitu . . .

nigrum ...
Thapsus .

viryatimi .

Verbena officinalin

Vomal grass . .

Veronica ayrcstis

Anayallis .

arvensis .

lieccahnnya . .

Buxhaumil
Gham/airys . .

hederifoUa .

hyhrida . .

montana . .

officinalis . .

poUta ....
scutellata .

serpyllifolia . .

spicata . .

triphyUos ...
Vetches ....
Viburnum Lantana

Opidua....
Vicia anyustifolia

bithynica ...

PAGE
. 198
. 18

. 96

. 35

. 190

. 20f)

. '20(>

. 42
. 42
. 170
. 170
. 170
. 75

. 109

. 1(;8

. I(i9

. 144

. 118

. 94

. 9.'i

. 94

. 94

. 94

. 129

. 129
. 128
. 129
. 129
. 144
. 228
. 134
. 183

. 134

. 133

. 135

. 133

. 135

. 134

. 133

. 134

. 134

. 133

. 134

. 134

. 134

. 50
. 90
. 90
. 50
. 50

PAGR
Vicia Bohartii 50

Craccu, 50
liirsiita 49
lathyroides 51
Ivtea 150
Orohux 49
i^dtiva 50

sepium 50
sylvatica 49

tetra,spcrma 49

Vinca major 119

minor 119

Viola arvenxin 27
canina 20

hirta 2()

odorata 25

palustris 25
Beichenhachiana .... 20
liiviniana 20
sylvatica 26
tricolor 27

Violets 25

Viscum tilhum 89
Wallflower 14

Wall rue 258
Watercress 14
Water lily, white 12

lily, yellow 12
plantain 194
violet 144

Wayfaring tree 90
Weld 24
Welsh poppy 13

White beiini 00
Whitlow grass 19

Willow herb 68
Willows 170
Woodrufl 91

sage 143
sorrel 39

Wormseed 17
wood 102

Xanthium spinosum . . . 178

Yarrow 100
Yellow rattle 132
Yew 250

Zannichellia pafe»«m . . . 210

Zostera marina 210
na7La 210









The following Publications of the Bristol Naturalists' Society

may be obtained either from Messrs. Fawn & Son, Royal

Promenade, Bristol, or from the Honorary Secretary.

Proceedings, 1 Vol. I., Part 1, 1873-74
New Buhikh. |

1, 1873-74. 4s.

2 1874-75. 3.S

3 1875-70. is G<i!.

1, 187()-77. 3». ijd.

2, 1877-78. 3s. (kl.

3, 1878-79. .3.5. ()d.

1, 1879-80. 3s. M.
2, 1880-81. 3s. Oil.

3, 1881-82. 3s. M.
1, 1882-83. 3s. Cd.

2, 1883-84. 3s. iid.

3, 1884-85. 3s. M.
1, 1885-80. 4s.

„ II.,

in.

IV.,

Flora of the Bristol Coal-Field. By .Tamks Wambe Wihte.
Part J. ThalamiflorHj Is.

,, II. Oalyci/lorft! Is.

,, III. Corolliflorni Is.

,, IV. Monochlairiyden) .... Is.

„ V. Diotyogomo ofc li'loridcie . . Is.

„ VI. GlumiferiB, Gymno3perm!c,ct CryptoKamcfoVaaouIarcs.ls.

At the end of the present year the " Flora o£ tho l!rintcil Coal-Finid "

can bo obtained bound in one vohimc.

The Fungi of the Bristol District. By Ceihiio Bucknatj,, Muh. Bao.
I'art IV. fcjpocioa 090 to 83(i. 4 plates, 3 colonrcd, 1 black. Is. (]d.

, V.

, VI.

, VII.

, VIII.

, IX.

837 to 93d. 2 „ 1

935 to 1023. 1 plate, black

1024 to 1084
1085 to 1144. 3 plates, coloured

Is.

Is.

Od.

Is, r,d.

1145 to 1240. 4 plates Is

On the Newly-Discovered Phenomenon of Apospory in Ferns.
By CiiAiiLKS T. UuuEnY, IMj.iS. lllnstratcd. Is.

Contributions to the Geology of the Avon Basin. By rrof.

LijOVD Mohoan, I'.G.S. I. " Sub-Aerial Denudation and the Avon
Gorge." Coloured Map. II. " The Millstone Grit at liong Asbtou,

Somerset." With Map. Is. III. "The rortbuvy and Clapton

District." IV. "On the Geology of Portishead." 2 coloured maps
and 2 plates. Is. iUi.

Sleep and Dreams. By GioonaE Mdnro Smith, L.K.C.P. Lond.,

M.K.C.S. 2 plates. Is'.

The Bone-Cave or Fissure of Durdham Down. By B. Wilson,
B.G.S., Curator of the .Bristol MuHcum. 2 plates. Is.

Notes on a Common Fin Whale, lately Stranded in the Bristol
Channel. By E. Wilson, I'.G.S., Curator of tho Bristol Museum.
Photograph. Is.

ADOLPII. LEIPNEE, Hon. Sec.

47, Hampton Park, CJi.ii'ton.



NEW SBEIES, Vol. V., Tart II. (1880-7). Price 5s. 6d.

PROCEEDINGS
0)i' TUK

BRISTOL

NATURALISTS' SOCIETY.

' licrnm. cognosccre causas ."—VlliClIL.

BKISTOL

:

L'liiN'ran vo\i tiik Sociktv.

MDCCCLXXXVII.





NEW SEEIES, Vol. V., Part II. (188G-7). Price 5s. 6d.

PROCKEDINGS
01' THK

BRISTOL

NATURALISTS' SOCIETY.

' Berum cognoscere causas.as."— ViEGiii.

BEISTOL

:

Printed for thu Society.

MDCCGLXXXVn.





TABLE OF CONTENTS.

NEW SERIES VOL. V., PART II.

PAGTl

Bristol Building Stones. By Prol. C. Lloyd Morgan ... 95

Flora of tlie Bristol Coal-Fiold. By James Walter White . . 116

The Fungi of the Bristol District. Part X. By Cedric Bucknall,

Mus. Bac 126

Notes on the Beptilcs, Amphibia, and Fish of the Bristol District.

By H. J. Charbonnier 123

Kainfall at Clifton, in 188G. By George F. Burder, M.D., F.K.

Met. Soc 143

Meteorological Observations, as regards Temperature, taken at

Clifton, 1880. By H. B. Jiipp, M.A., F.Il. Met. Soc. . . 146

On the Origin of Mountain Eanges. By Prof. C. Lloyd Morgan 119

The Potato Tercentenary. By George F. Burder, M.D., F.E. Met.

Soo. 165

The Senses and Seuso-Organs of Insects. By Prof. C. Lloyd

Morgan I'^S

Note on a Sacred War Trophy from Ecuador. By Edward William

Phibbs 183

On Germs. By G. M. Smith, M.B.C.S., L.R.C.P 186

The Deposition of Smoke and Dust by means of Electricity. By

William Phillips Blendham 187

The Physical Formation of the Earth. By L. N. Tyack .
.192

On Colour-BlindnesB. By Prof. W. Ramsay, Ph.D. . • -195

Five Weeks at the Zoological Laboratory at Eosooff. By J. G.

Grenfell, M.A., F.G.S 200

Reports of Meetings, General and Sectional 202

ENGINEERING SECTION.

The President's Inaugural Address 2

Chilled Iron. By Thomas Morgans

On the Method Adopted to Compound a Pair of 0rdinai7 Oscilla-

ting Paddle-wheel Engines. By John W. I. Harvey .

Notes on Stationary Engines. By G. W. Sutoliffe. .

The Severn Tunnel. By Charles Richardson ....
The Severn Tunnel Section. By Prof. C. Lloyd Morgan .

13

19

32

49

82





§rbt0,l §wiltint0 Stones.

By PEOF. C. LLOYD MORGAN",
Univ. Coll., Bristol.

" /COMMENCING- witli what arc commonly called build-

^^ inf materials," writes Prof. Anstod in his Cantor

Lectures (1865), " we may regard them as of three classes

—

granites, sandstones, and limestones. Praotioally there is

another division of the whole number into two classes
;

namely, those which can only be worked by the pick or

by wedges, and those which can bo worked by the mallet

and chisel. The latter are called freestones, and include

marbles all limestones, and stratified sandstones. The

former include granites, quartz rocks, and indurated schists,

conglomerates or pudding-stones, in which quartz predomi-

nates and some agglomerated sandstones that cannot be

fitly called pudding-stones. Of these some are rarely used

on a large scale, except in the immediate vicinity of the

rocks whence they are derived, and thus, practically, the

number of those which wo have to consider is reduced

within reasonable limits."

In such a course of lectures, Prof. Ansted could afford

to no"-lect such stones as are " rarely used on a large scale,

except in the immediate vicinity of the rocks whence they

95 a
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arc derived." But before a loeal Society it will not, I hope,

be deemed unfitting to read a paper on local building stones.

I shall however make my remarks so far general as to

include such stones as are used in Bristol, though they be

brought from a distfiiioe.

It is only right that, at the outset, I should acknowledge

my indebtedness (1) to my former pupil, Mr. V. W. Hard-

wick, who aided me in my experiments and in the detei'-

mination of the specific gravities and absorptive capacities *

of our local stones; and (2) to Messrs. W. Brock, John

Barstow, and otlicrs, for much valuable information most

courteously given.

Of the three classes of building mateiials mentioned by

Prof. Ansted, one, the granite group, including the elvans,

porphyries, and traps, has not been extensively used in

Bristol. The widening of Bristol 15ridge was executed with

Cornish gi'anito. Lundy granite was, I am told, used for the

harbour works at Cumberland Basin. I'or such, a pui'posono

stone could be bettor adapted than granite, since it absorbs but

little water. A cubic foot of the rock in the ordinary dry

condition (in which it already contains about one pint of

water, which can only bo liberated by artificial heat) is

capable of absorbing scarcely three-tenths of a pint more

on being placed in water. In a frost-bitten land, this small

absorptive power is essential in a building material for such

purposes. Granite is also a rock which, offers great resist-

ance to crushing stress, though difEorcnt classes vary con-

siderably in this respect. A cubic inch of Cornish granite

crushes under a load of 2'81 tons, while M.oi)nt Sorrel

* On this subject see also Mr. E. Wethered's Paper on the Porosity

and Density of Bocks with regard to Water Supply [I'roc. Brist. Nat.

Soc).
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sjonitic gi'anifce does not yield til] tlie load readies 6'74

tons.

In granite districts, wlioro tliis rock is locally used for

ecclesiastical purposes, the work is heavy, the material

being too stubborn to admit of grace or lightness of finish.

Ornamental pillars of polished Scotch and Cornish granite

are used in the Promenade and other parts of Bristol. They

are also conspicuous in the interior of the Church of St.

Jamos-in-the-Barton, and in that of Norton Malreward,

Somersetshire. The introduction of polished granite pillars

in a building containing Norman work is a somewhat

torturing piece of " barbaric splendour."

I am not aware that any trap rock is used in construction

in our own neighbourhood. Indeed the use of such rock is

exceptional. A brown trap has however I believe been used

with considerable effect in the roof of Exeter Cathedral.

Passing from the granites to the sandstones, there are

three local rocks of this class used in the neighbourhood

of Bristol,—Millstone-grit (k)cally " firo-stono "), Pennant,

and Old Eod Sandstone.

Millstone-grit, or fire-stone, is a-n exceedingly hard, tongh

rock, composed of gi'ains of sand cemented by a silicious

or folspathic cement. The specific gravity is 2-62. A cubic

foot of the rook weighs about 161 lbs. Subjected to crushing

stress in the testing machine in the Univei'sity College,

Bristol, a cubic inch of a close-grained variety of this rock

from Long Ashton quarry began to split at lO'l? tons, and

broke down at 13 tons. A two-inch cube of a somewluxt

less compact rock from the same quarry began to split at

11-17 tons, and broke down at 19'39 tons. The former

gives the highest resistance of our local stones. (See Ap-

pendix.) The more absorbent varieties of this stone a-s

used in construction seldom take up more than one pint
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to the dtibic foot. Less absorbent varieties take np scarcely

one-tbird of tliis amount. The percentage a,bsoi'ption by

volnm-e is from 1'86 to 7.

The extreme hardness of the rock renders it difficult to

woi'k, and therefore expensive in construction ; nor can

blocks of any size be obtained. It is liowever an oxceed-

in^y durable stone, and its rich rod colour, and somewhat

rough facing, is not unpleasing to the eye. Queen Eliza-

beth's Hospital, the Grammar School, and the Deaf and

Dumb Institute are constructed of this stone, as are also

the lodges of the Ashton Park ]<]Ktato. for the lattei- the

rock was obtained from Long Ashton ; for the Grammar-

School, from Brandon Hill. The stone was, Mr. Ijrock

informs me, formerly used for pitcher paving in the streets.

T'he Brandon Hill quarries arc no longer worked. Boundary

walls formed of this stone are far superior to those in which

Mountain Limestone is used.

Penn.ant Sandstone would seem to bo the ravourite build-

ing stone of modern Clifton, as the Bath stone and Dundi-y

stone were of older Bristol and Clifton. It is obtained

from extensive quarries at Hanham, Fishponds, and Staple-

ton, there being also quai-ries at WintcAonrno, Nailsca,

;iiid Clo'vcdon.

It is a coarser grained rock than the JVIillstoiie grit used

in construction, and a denser stone, though much less hard

iind durable. The colour is greenish gray, bluish gray, or

i-ed, according to locality and conditions of occurrence.

The specific gravity is 2'G7. The cubic foot of dry rock

weighs about 163| pounds. Subjected to crushing stress

in the University College testing machine, it showed no

sign of yielding till it suddenly broke down with a load

of from 20 to 2f> tons on, the two iiu'.h cube. In this respect

I'ennant compares favourably with the strongest rocks.
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It. absorbs from ono and a half to tliree and a quarter pints

to the cubic foot. Tho percentage of absoi-ption, by volume

is from 6'5 to 2'75. The rock is distinctly bedded, and

should bo laid down with tho bedded layers horizontal,

otherwise there is a tendency to flake off under tlie action

of fi'ost and weather, and to produce bad work.,

" Tho great disadvantage of tho stone is the disability

to stand masons' tools, the face in time peeling off. This

(;an be seen at the portion of the Bridewell now standing,

and tho plinth of the Council House." Few of us can have

failed to notice this fact, to which Mr. Brock alludes in

some valuable notes with which he was good enough to

fnrnish me. I have been informed that tlie use of wooden

mallets checks or lessons this vice. " Within tho last few

years," however, Mr. Brock informs me, " some of the

quarry masters have sawn the solid block in the quarry

into paving and steps which will not peel or perish on the

surface." An example of such sawn blocks may be seen

in tho flight of steps to tho north porch of St. Mary Red-

cliffc Church, recently renewed by Messrs Brock & Bruce.

For house-bailding this is now generally regarded as itie

best stone. It may be seen in the incomplete buildings

of tho University College, in the Bristol General Hospital,

and in several of tho newer churches.

The oldest structure in which Pennant has been used

in Bristol is the tower of St. Peter's Chui'ch, of Norman

ago. How badly the stone has there weathered is made

obvious by the presence of blocks of millstone grit, which

stand out, from their greater powers of resistance, several

inches beyond tho weakened surface of the Pennant. Even

granting that little care was taken in selecting the stone

for this building, the state of St. Peter's tower leads one

to question the advisability of its use in ecclesiastical
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structures and other buildings intended to outlive the alioek

of figes. I have made experiments on pieces of this stone

such as are in ordinary use for building purposes, and 1

find that repeated freezing and thawing causes a consider-

able loss from superficial disintegration.

For paving it is used throughout Bristol and Clifton, and

in this respect will, in Mr. Brock's opinion, compare

favourably with that of jiny other city or town in England.

Old Red Sandstone is not much used in the neighbour-

hood of Bristol. Blocks have been built hero and there

into the old Cathedral walls, and illustrate well bow readily

this material, in its more sandy and friable varieties, suc-

cumbs to the action of the weather. Old lied Sandstone

from a quarry on the Somersetshire side of the Avon has

been used for the buttresses of the Suspension Bridge. The

(Jhurch of Abbots Leigh is built of soft and sandy Old lied

Sandstone, which has flaked olf badly in parts. In the

Church at Wostbury, the lovv'er part of the walls on tlio Ksoutli

side (13th century) are Old lied, which has stood well. In

St. Mary's, Portbury, sandy, conglomeratic, and gravelly Old

Red has boon used, the conglomeratic stones with milky

white quartz weathering well. Similar stone has been used

in the old tower of St. George's, Baston, while in the recent

restoration Old Red (from Markham, I am told), has been

nsed. The new Church, at Failand, lias boon built of Old

Red, quarried on the spot. The .stone is hard, and mostly

conglomeratic, with milky white quar'fcz, and is of admirable

quality. A few sandy stones should have boon rejected.

Across the Channel, in Tintern Abbey, we have a notable

example of this rock in construction. The stone was

obtained from the " Barbadoes Quarry " in the vicinity, and

though parts have perished badly, in other parts the stone

is in good ])resei'vatioii. In Chepstow Castle, built partly
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of this stone, and partly of Carboniferous Limestone, the

sandstone compares very unfavourably -witli tlie limestone.

A similar sandstone, but of Permian age, may be seen in

tlie ruined Abbeys of Caldcr and Fui'ness in tlio North of

T<]ngland.

The roclv, as generally used in construction, is fairly close-

grained, but friable. The spooilic gravity is 2-G. The dry

stone weighs about 147 pounds to the cubic foot. Subjected

to crushing stress, two-inch cubes of a firm, compact stone

from Stoke showed signs of yielding to a load of a.bout Tk

tons, and broke down with, a load of from 9| to 12 tons. If

I may trust the few experiments 1 have been able to make,

the rock gives 1| ton (or 16| per cent.) greater resistance

when the linos of bedding are laid lun-izontally than when

they are placed vertically. The absorptive powei- varies voiy

considerably, the more porous varieties taking up as much

as ei<'"ht pints to the cubic foot ; a very compact variety not

takinn- up more than two pints. The percentage absorption

by volume is 4'4 to 17'5.

I have made some experiments on compact cubes of this

rock with the object of ascei'taining the effects of repeated

freezin" and thawing. The cubes wore soaked in water, and

placed in tin boxes in a freezing mixture of snow and salt, and

were allowed to remain there for from three to four hours.

On removing them their surface was found to be frosted over
;

and, examined under a lens, minute ice-columns were visible,

pressed out, I presume, by the expansion of the ice. On

allowing the block to thaw and dry, fine sand-dust, loosened

by the action of the frost, could be brushed off with a camel's

hair pencil. The loss of weight in the case of one two-inch

cube was, after twelve alternate freezings and thawings, '89

gram. I have no doubt that in stones of looser texture the

loss would be much greater. Subjected to crushing stress
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these cubes did not appear to bo weakened by tlio process.

One of them gave, indeed, a resistance above the average.

Jurassic sandstone from Yorkshire has, Mr. Brock informs

mo, been occasionally used in Bristol, the largest job being

Bristol Bridge, the stone for whicli came fi'om Whitby—the

Aislaby quarries, I presume. This is the rock that was used

for building Whitby Abbey. It is of a light-brown colour

and moderately fine grain, the cubic foot weighing 12Gf

pounds.

Of rooks which fall within the class of limestones, Oolites

(Bath, Dundry, and Doulting), Mountain Limestone, and

Blue Lias are in use.

The building stones from the Lias are poor in quality, and

are seldom used for aught but common walling. The stone

is quarried at Hoi-field, Keynsham, Willsbridge, Saltford,

Knowle, Bedminster Down, and Harrow, but is not now used

to any great extent. The best beds are at Saltford, where

the stone is har'der a,rid bluer than at other quarries. The

side walls of the old Groat Western Railway Station at

Bristol arc built with this stone. The church at Whitchurch

is Lias, this material being frequently used locally. The

railway station at Keynsham is built with Keynsham stone,

which is also' banded in the church tower in that village,
CD '

where it well exemplifies its tendency to decay. In the

church at WoKtbui-y there a-ro Lias iuid lociil Dolornitic Oon-

glomerato courses, both of which have weathered back

d(^eper than the freestone dressings. " Where the late Bristol

and I<]xoter Railway, now (Jroat Western Railway, pass<!S

under the Bath, road, there are some piers built with Lias

which, though well selected and well laid, are rapidly decay-

ing " (W. Brock). In fact, it matters not where you go,

wherever Lias has been used, there will you find the abundant

signs of rapid decay.
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Mountain LimeHuone, wliich is extensively quarried in the

immediate neighbonrhood, at Soutli Mead, near "Westbury-

on-Trym, and at Wick, is chiefly used for rough walling.

It is an expensive stone to v^rork, being full of joints, which

perhaps break when the mason has almost finished the

working. When used it is found to be a very durable stone,

and good examples may be seen in the boundary wall of the

old city Gaol, and the front of the Weighbridge House near

the Totterdown Lock. Stones of Mountain Limestone have

been built in to the older pai-ts of Westbury Church ;
and at

the west end of the south aisle an old and narrow doorway

has been filled in with this stone. It is occasionally used in

houses, as in those in Leigh Woods. Mr. Bastow informs me

that where this material is used, a 4|-inch brick lining, with

a space between this and the limestone, should always be

used. The stone has stood well in Chepstow Castle, though

it was employed, I believe, only in the later work.

The stone varies from a coarse-grained, shelly, crinoidal,

or coi'alline rock, with a markedly crystalline fracture, to a

close-grained oolite of a very uniform texture. The latter

is better in constriiotion. Its specific gravity is 2-7, the cubic

foot of dry rock weighing nearly 1G8 pounds. Subjected to

crushing stress, a prism two inches square and three inches

high, out from Black Rock Limestone (containing -0126 per

cent, carbon, and 3'3 per cent, silica), began to crack at 19

tons, and broke down under a load of 19-46 tons. A coarse,

shelly limestone, containing Spirifers, from near the base of

the series showed signs of yielding at from seven to eight

tons on the two-inch cube, and broke down when the load

reached about twelve tons. The absorptive power is remark-

ably low, being often less than one-tenth, and rarely moi'c

than four-tenths, of a pint to the cubic foot, or from '2 to '4

per cent, by volume.
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Most of tho older buildings in Bristol and Clifton aro

built of Jurassic Oolite, tho even facing of wbicli contrasts

markedly witb tho rough facing of the Pennant now so

largely in use. But oven in houses whore Pennant is now

employed, Oolite is employed for dressing.

Tho Oolite in use is of throe kinds—Dundry, Uoulting, and

Bath. Tho two former are, geologically speaking, from the

Inferior Oolite; the last from the Great Oolite.

Dundry stone, from the outlier of that name, is now but

little quarried. It is however being used for the restora-

tion of the Norman Archway House, College Green. It was

used throughout in tho construction of St. Mary, Redcliffe,

Church, where it has stood well on the whole, though in

parts it shows signs of exfoliation. Parts of the north porch,

and of tho south-east wall, and buttresses of the chancel,

have been encased with Caon stone, which is perishing

miserably. One would have thought that the example of

Henry VII. Chapel in Westminster Abbey would have been

a deterrent to tho use of this material in an atmosphere not

al ways smokeless.

I "-atlier from a note in Mr. John Ilvans' Chronological

Eistory of Bristol (1824) that St. Augustine's Abbey (now

part of tho cathedral) was built of Dundry stone, the abbol-s

holding a lease of tho quarries at Dundry ; and tliat tho

churches of the twelfth century are all of this stone.

Certainly the old cathedral walls, and the lower part of St.

Stephen's tower, do not seem to have stood well. The upper

part of St. Stephen's tower (about 14(;()) seems to have

suffered less in proportion. I do not know of what stone it

is built, but in all probability it is Dundry.

Dundry stone is heavier than I5ath stone, standing indeed

midway between this light freestone and the denser Port^

land Oolite. Its specific gravity is 2-45, a cubic foot of the
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dry rock woighinc^ about 126 pounds. Subjected to crushing

stress, the cubic inch yields without previous fracture to a

load of about 1'2 tons, or 3'6 tons to the two-inch cube. The

absorptive power is about eleven pints to tho cubic foot, or

18'8 per cent, by volume.

I have made some experiments with cubes and prisms of

this rock to tost the effect of alternate freezing and thawing.

The result was in each case loss of weight due to tho dis-

lodgment of particles from the surface. The loss was how-

ever loss uniform than in the case of Old Eed Sandstone,

tho surface becoming markedly pitted.

How mai'ked an effect frost has upon such soft, absorbent

oolitic rock may be seen after any winter in Bristol, where

the coping stones are but too apt to crumble to powder.

The pitted suiface may be also seen in a window frame,

where, after a few year's, the diifcrence between the inner

and outer aspect becomes sufficiently well marked. The

Dnndry stone pits deeper and more iri'cguliirly than the I?atli

stone, while in the IDoulting stone the shelly structure is

brought out by the process. Where a vein of spar passes

through such a rock, the difEerential effect is readily observ-

able. Tho general surface being lowered by tho removal of

grains, tho vein of spar stands out in relief. See, for

example, the coping stones for tho railings round Victoria

Rooms, Clifton. In many places in Clifton the numbers or

names of houses on the pillars having been protected by a

coat of paint now stand out in relief. The action is partly

mechanical by the removal of grains, partly chemical

through tho action of dissolved carbonic anhydride. If we

examine tho exterior of old Bristol Cathedral, however, we

shall see that the blocks of Old Red Sandstone have yielded

to the disintegrating action of frost and weather (purely

mechanical in this case), far more than the surrounding
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Oolite or the yellowish Triassic stones. Mr. Ansted tells ns

that " the infiuenco of frost on a stone is in proportion to

the water it takes up, and determines its dxirability." This

statement needs qualification, for the durability is largely

dependent on the readiness with which the particles of the

rock are dislodged by the superficial action of frost, which,

in my experiments, is greater in Old Red Sandstone than in

Dundry stone, though the absorbent power of the Dundry

stone is the gj'eater.

The rate at which a stone disintegrates from tlic action of

frost is determined very largely by the aspect of the exposure.

Stones in those parts of a building which have a southerly

or south-westerly aspect are apt to disintegrate far more

rapidly than those with a northerly or north-easterly aspect.

This is in the main due to the fa,ct that during the winter

south and south-west walls receive the sunshine of the day

after the frost of night, whereas north and north-east walls

may remain fr-ozon for weeks a,t a time, it is not either the

long continuance or the intensity of frost that (lisintegr.'ites

the rock ; it is the alternation of frost and thaw.

In my experiments on Dundry stone 1 did not find that

the alternate freezing and thawing appreciably altei'ed the

resistance to crushing stress. Nor did (1) altei'nate heating

and cooling, or (2) alternate soaking and drying produce

any weakening efl'ect. All such actions have mei'ctly a,

superficial effect. Disintegration is a matter of the surface.

Donlting stone is from the Inferior Oolite near Shopton

Mallet. It is a shelly .Jura-ssic; Limestone, very hard and

durable. It has been used in the construction of Wells

Cathedral and Glastonbury Abbey, and was the material

selected by Mr. Street for use in the restoration of Bristol

Cathedral. It is a heavier stono and a more compact than

Dundry, the specific gi'avity being .about 2'('), and the cubic

foot weighing some 130 pounds.
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Batli stone is much liglitor and less compact, the specific

f^ravity being from 2'4 to 2-6, and the weight per onbic foot

in poundavarying from 116 (Combe Down) to 123 (Box Hill).

I have not myself made any experiments on the crushing

stress which this rock is capable of resisting, but from 1,800

to 2,000 lbs. ('8 to '9 ton) is given as the crushing load for

a cubic inch of the rock. It is a very absorptive rock, taking

up from 10 to 15 pints per cubic foot, or from 20 to .'^0 per

cent, by volume.

The following notes on. the Bath stones are kindly supplied

by Mr. W. Brock :

" Coombe Down, near Bath, formerly had extensive quar-

ries ; but they are almost exhausted, the supply at present

being very uncertain. This is a first-class stone, and has

been used in some of the buildings in this city. Trinity

Church, St. Philip's, is an example.

" Box Ground stone, if selected and cut into small scant-

ling, so as to get rid of the .soft places, is a good weathering

stone, and well adapted for plinths, sills, quoins, and copings.

The quarric^s are very extensive, being mostly underground.

" Corsham stone, if thoroughly dried, is a good stone.

The Post Office, Small Street, was built with this.

" Westwood and Stoko quarries are more recently opened
;

the stone from them is well adapted for external work."

The fi'ccstono beds belong to the Great Oolite series, and

vary from ten to forty feet in thickness. They are generally

worked by drifts or tunnels. While it still retains the

"sap" or quarry water, it is soft, and may be worked with

(i-T'cat facility. On removal from the parent rock the blocks

liardcn considerably ; a process due, apparently, to evapora-

tion of the water with which the stone is satarated, and the

deposition of the calcareous salts it contains.

The deposition being superficial forms a kind of natural
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protective glaze on the rock. When once this protective

glaze is removed, the durability of the stone is lessened.

Hence the disastrous effects sometimes brought aboat by

scraping a building constructed of weathered oolitic stones.

Thus the durability of a stone cut to size in the quarry

while the quarry water is still retained by the porous

material, and then allowed to weather in the quarry, is far-

greater than that of a stone removed green, or in any way

worked after it has lost its sap. Wren is said to have used

no stone in the building of St. Paul's Cathedral that had not

weathered for some years in the quarry. And in oolitic

quarries may now bo seen carved blocks undergoing this

process, and not to be subsequently touched by the tool.

The walls of houses built of any form of limestone are

apt to " sweat." To an inquiry I put to Mr. IJroclc, whether

it is usual in this neighbourhood to use brick linings to linu!-

stone-built houses, he replies :
" In all good houses, when

built with limestone of any sort, the inner faces are lined

with brick, to prevent moisture running down the walls

during change of weather or after frosts. If the whole of

the interior atmosphere is kept at 60°, this is in great

measure avoided. Great complaints are made in Bath, where

the houses are built of oolite, of the ' sweating ' of the walls,

which should also be brick lined."

Ham Hill stone, from the Midford Sands series at the base

of the Inferior Oolite, is occasionally used in Bristol. It may

be seen in the pillars, etc., of the Colston Hall, and in the

lioman Catholic pro-cathedral. It is regarded as one of the

best building stones in the West of England.

Of other stones of this (limestone) class little need be

said. Magnesian limestone, used in London with such

marked success in the Jcrmyn Street Museum, and with

such conspicuous failure in the now Houses of Parliament,
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is only to a small extent used in Bristol. Red Mansfield

stone is however employed for columns and pillars. The

columns in St. Paul's Church are of this stone.

Purbeck marble may be seen in the interior of the cathe-

dral, and other marbles, such as the Devonshire and Belgian,

may be seen in the interior of Bristol and Clifton houses.

The Capital and Counties' Bank, in Clare Street, is, Mr.

Brock informs me, built with a Belgian marble, which

appears well adapted for the city atmosphere.

The last building stone with which I shall deal is the

so-called Dolomitic Conglomerate of the Trias. The Triassic

beds of oar neighbourhood do not produce any building

stones comparable to those found in Cheshire and Worcester-

shire, and of which Chester and Worcester cathedrals are

built. At the base of the Tilassic (Keuper) marls however

there is a formation known to geologists as the Dolomitic

Conglomerate, from which some building stones are obtained.

The rock is very variable in texture, the lower strata

containiner blocks of Mountain Limestone and Millstone Gi'it

weighing several hundredweights, as may be seen in the

new road from the Bristol Station of the Port and Pier

Railway to the Downs. In such a case the material can

only be used as an indirect source of the limostono or fire-

stone. Prom Draycott, in the Cheddar Valley line, however

a good building stone is obtained, which has been used in

the construction of the newer part of the Bristol Joint

Station, and for the bridge over the Floating Harbour.

Pragraonls of limestone of irregular form, and sometimes as

much as two inches in diameter, are embedded in a red

paste.

The specific gravity of the Draycott stone is 2'7. A cubic

foot of tlio rock may weigh 160 pounds. As might be

expected in a rock of such irregular texture, the resistance
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to crashing stress is variable, two-inch cubes or prisms

yielding to a load of from 6| to 9 tons. The absorptive

power is also variable, from three to eight pints per cubic

foot, or from 6 to 16 per cent, by volume.

The upper beds of the Dolomitic Conglomerate are much

finer in texture, and are used to a considerable extent

locally, Clifton College, Emanuel Church, and a great num-

ber oE houses in that part of Clifton being built of this

material, which has a colour varying from light orange

brown to yellow. Stones of this material have been built

into the cathedral, the old walls of which would almost seem

to be a piece of experimental work to test the durability of

different building stones. In the churches of. St. George's,

Easton, St. Mary's Portbury, Westbury, Honbury, in the
^

Mayor's Chapel, and in Portbury Priory, local Ti'ias of this

horizon is extensively employed.

At Clevedon this rock is quarried, and is locally known

as Magnesian Limestone, which must not however bo con-

fused with the true Magnesian Limestone of the Permian

series, obtained at Mansfield, in Nottinghamshire.

Before leaving the subject of Bristol building stones, I

may perhaps bo allowed to say something about those

stones which wore perhaps among the earliest materials

used in construction in our neighbourhood. I refer to those

which form the stone circles at Stanton Drew, erected, I

believe (if one may so speak of that which is, at the best,
^

a conjecture) by the Neolithic pro-Aryan inhabitants of

Britain.

Of these stones Mi'. C. W. Dymond, C.E., writes (1877):

"Two of the stones are New Red Sandstone,—the rock of the

site ; one is similar to that obtained from Dundry, four miles

noi-th-wcst; a few are Limestone from neighbouring (juarries;

and the rest—forming by far the majority—are a ])obbly
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breccia of the Magncsian. Limestone, probably brought from

Broadfield Down, six miles west, or from Bast Harptree,

six miles south." Hauteville's Quoit is also given by Mr.

Dymond as composed of Limestone (Journ. Brit. Arch. Assoc,

Sept., 1877).

I venture to think that Mr. Dymond is in error in some

of his determinations. The Quoit is certainly not Limestone

but is a close brown Sandstone, somewhat resembling Sarscn.

The two Mr. Dymond mentions as New Rod Sandstone—the

rook of the site—are in my opinion of Palasozoic age. In

addition to that so marked by Mr. Dymond as Dundry,

there are two or three others, notably the last stone in the

W.E. avenue and the two stones in the lower tyning, marked

by Mr. Dymond as breccia. The stone marked limestone

in the S.W. circle is a red chert. The stones in " The

Cove " are quite different from most of the others, being

unaltered soft Dolomitic Conglomerate. One stone in the

Great circle, and one in the S.W. circle, are of a similar

nature.

With regard to the groat majority of the stones, the term

"breccia of the Magnesian Limestone" seems particularly

unfortunate as applied to stones which are silicious through-

out. For many of them I do not think we need go so far'

as Broadfield Down 9r East Harptree. They are very pecu-

liar in character, composed of a rod silicious breccia. The

included fragments are many of them hollow, and contain

quartz crystals ; many are concentrically banded, agate

fashion. I regard the rock as a Dolomitic Conglomerate,

much altered by the percolation of silicious and ferruginous

waters, the silica and iron of which have largely replaced

the original materials (or some of them, for many of the

included fragments would seem to be Millstone Grit, while

others may have been originally Mountain Limestone). 1

n
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propose bowovor to return to this question, licro or else-

where, on, a future oooasion. The variability of tbe stones

is Remarkable.

I feel pretty confident tlia,t the source of some at least of

these stones is Leigh Down, near Winford. Tlio stone therc^

is, on the whole, similar in character to that of tin; porista-

Hths, sirailarly silicious, and (if I may ao say) similarly

variable. On the sides of the Down lie many detacbod

fragments, some of which socm to mo to have in one plac(;

•been arranged in a miniature circle. Leigh Down overlooks

a little tributary of the Chew. It is distant from tbe

Stanton Drew circles not more than 3| miles. Hence 1

believe the old Neoliths brought many of the stones for the

constrnction of their stone circles. Others are not improb-

ably from other sources, of which Bast Harptree is probably

one. I am. engaged on an investigation of the matter.

APPENDIX.

ExPEUIlVrKNTS ON TUB RlOSISTANCH Oli- SOMR BrTSTOT, BuILDIN(!

Stones to CEUsnrNG Strf.s.s.

TiiESH experiments were carried out in the University Col-

lege, Bristol, with the College testing machine. The primary

object was to ascertain the cUect of alternately freezing and

thawing, soaking and drying, heating and cooling the stones.

The vatiable resistance of the stones made these experi-

ments of little value ; still the tabic, as a record of practical

results, may not bo worthless.

The cubes and prisms were prepared by Messrs. E. G.

Browne & Co., of St. Augustine's Parade. My thanks arc
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due to tliem, and to Mr. F. W. Hardwick, Mr. W. E.

Kerslako, and Mr. A. E. Machott, for their aid in the inves-

tigation.

All the experiments wore oarriod ont under the same

conditions, iron being the substance used between the jaws

of the machine and the test.

.

The details of the experiments are given with sutSciont

fulness in Tabic I. Table II. gives, not strict moans, but

II.

TABLE OF AVERAGE RESISTANCE.

stone. Sizo oi Tost. Roaistanco
in tons.

Resistance
in lbs.

Tlcipht in foot

of column 2'

square which
will crush with
its own weight.

Dundry

.

Pennant
Draycott
Black Book .

Millstono Grit

Old Bed Sandstone

Two-inch cube.

"

3-3

21

8

15

19
11

7,392

47,040

17,920
33,()00

42,5()0

24,640

2,112

10,357

4,032

7,200

9,516
6,037

what seem to be the average resistances as the outcome of

the tests. In the last column I have given the height of a

column of the rock two inches squai'e, which would crush

at the base by its own weight.

Comparison between tho results obtained with two-inch

cubes and prisms two inches square and three inches high,

give different results with different materials. With Dundry
stone the mean of four experiments (4-7) with cubes gives

.3-64 tons as the mean resistance to crushing, while tho mean
of throe experiments (14-16) with prisms gives 3'89 tons,—

•

a sliglit advantage on the side of tho prism. On tho other
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}iand, with Pennant, the moan of fonr experiments with

cubes (17-20) gives a resistance of 21-24 tons
;
while the

mean of three experiments (21-23) with prisms gives 20-46

tons, a slight advantage on the side of the cube. It will be

seen that the differences between the means in each case are

far less than those between the extremes for cube and prism

respectively.

With Dundry stone one-inch cubes give about one-tlurd

of the resistance of two-inch cubes.

With Millstone Grit the resistance of the one-inch, cubes

is out of all proportion to that of the two-inch cubes. With

so hard and brittle a rock it is possible that tho larger cubes

had invisible cracks. The one-inch cube also indents the

iron deeply, and is thus more firmly gripped in proportion

than the two-inch cube.

Experiments 3 and 6 were made with the object of testing

. whether stones saturated with water offered more or less

resistance to crushing than tlio dry stone. Tho results do

not show any departure from tho average of those obtained

with dry prisms.

Experiments 36-41, and 31, 32, were made on rooks which

had been repeatedly frozen and thawed. They do not seem

to indicate any wcaiconing.

Experiments 37-41, with Old Eed Sandstone bring out

clearly the fact tliat stones are weaker when tho incidence

of the stress is on the edge of tlie bedded layers ( + ), than

when it is on the bed ( = ).

Old Red Sandstone and Pennant gave very fairly definite

pyramids after fracture, with an angle of about 62° at the

apex. Millstone Grit, Black Rock, and Dundry stone gave

very irregular pyramids, or irregular splintery forms. In

some cases these rocks, and Draycott stone in three cases

out of four, went into a heap of fragments.
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Cubes of Old Red and Pennant gave one pyramid gener-

ally, base downwards. Pennant prisms gave in two cases

two pyramids.

The results are given, as they were obtained, for what

they are worth. I am conscious that they leave much to

be desired.



NOTES SUPPLEMENTAL TO THE

1886.

By JAMES WALTER WHITE.

Areuaria leptoclados, Guss.

In our district this plant was first identified at Cleve-

don a year or two ago ; and oddly enough it is cited

from thence by Professoi- Babington, in his " Flora

of Cambridgeshire," rather a curious place in which

to find a Somerset record. Within tlio last year it

has been found growing abundantly near Keyn-

sham, and in smallei' quantity at Burnham, Halla-

trow, and Saltfoi'd.

Coronilla varia, L.

All alien, common in central Europe. It has been

observed during one or two seasons in the Black

Rock Quarry, and for several years on old colliery

debris near Kingswood, West Gloucestershire ; in

both instances accompanied by other aliens. It is

a pretty plant, bearing on long peduncles umbels

of elegant lilac and white flowers.
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Vicia gracilis, Lois.

An addition to the Flora, from the Somerset division.

At the time when our Leguminosaa wore published,

the mention of tins vetch by Babiugton iii tlie

"Flora Bathoniensis "—a solitary record, uncon-

firmed during nearly fifty years—did not seem

sufficient ground for its being included., Whatevo-

uncertainty attached to that record has been re-,

moved by Mr. David Fry, who sends me a note on,

his rc-discoveiy of the plant.

Tlie only record which has hitherto connected this

vetch with the Bristol district is the following, in

the " Supplement to the Fl. Bathon. 1839," p. 74.

" liJrvum gracile. On Barrow Hill." Tliere does

not appear to have been any confirmation of V. yra-

cilis on Barrow Hill until September, 188G, when a

careful examination of the locality disclosed the

continned existence in fair, but by no means abun-

dant, quantity of this rare species, at the spot

where it was first discovered by Babington, now

nearly lialf a century ago. V. gracilis may easily

be mistaken for the closely allied and compara-

tively common V. tetrasperma, espooially when, as

in the case of the Barrow Hill plant, all the ped-

uncles are single flowered, and none of the pods more

than five-seeded. But the very differently shaped

hilum of the seed affords a character whereby the

two species may be satisfactorily separated. In

V.
,
tetrasperma the hilum is linear-oblong and

much larger than that of F. gracilis, which is very

minute and roundish-oval in outline. Dr. Bos well

I'cmarks in E. B. that " the length of the hilum

appeal's a constant character' in all the vetches,"



118 FLORA OF THE BRISTOL COAL-FIEL.,

.

a conclusion which our own ol)sci-vjitiion3 tend to

confirm.

Epilobium lanceolatum, *S^. and M.

Note on its occurrence in KomoTSotsliirc, comTnuiii-

cated by Mr. David Fry.

This is one of the rarest species of OritiHli |iI|>ilobia-

and has long boon kTiovi^n at several spots near

Bristol in the Gloncostorsliiro division of the dis-

trict, but had not been recorded for Somerset until

it was discovered in .July, 1(S(SG, on the Coal

Measures at Brislington. Hero, ovoi- a somewhat

limited area, it occurs in considerable quantity,

b(iing associated with st^voi'ai of the commoner

species of tlie same genus. One of the stations at

which IS. lanceolatum grows in Grloucestershiro is

on the bank of the Avon almost directly opposite

the spot in Sontorsct where the plant lias now been

discovered, and on the same geological formation.

Its pT'(!SOTico, tlici'cfore, at the latter locsvlity is not

altogether surprising ; and that this species lias

been so long overlooked at l?rislirigton is no doubt

duo, in part, to the inaccessible and out-of-the-way

position of the habitat.

The peculiar grey-green hue of it foliage, and (as

originally romarkod by Mr. Briggs) the pure white

of the flowers as they open, turning rapidly to a

rosy pink (not purple, as in I'l. moidafmm), arc

characters which, apai't from others, serve at fii'st

sight to distinguisli E. lanceolafMm from the other

Epilobia with which, in the Ui'istol district at least,

it usually grows.
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Valerianella Auricula, D G.

In tho herbarium of the late Dr. H. 0. Stephens

there are specimens of several plants collected by

him. many years ago in the neighbourhood of

Bristol, which either have escaped tho observation of

other botanists, or have possibly been lost. Among

these is a shoot of V. Auricula, D C, vrithoiit date,

labelled " Eastwood, Brislington." It is therefore

gratifying to bo able to record tho re-discovery of

this species by Mr. David Fry last August (1886)

in an arable field between Kcynsham and Stock-

wood. It was found in considerable abundance,

o-rowing with several other interesting and uncom-

mon plants, e.g., Specularia hyl)rida,B C; Qalium,

tricorne, With.; Papaver Lecoqii, h&mot.; AnagalUx

ccerulea, Sclireb. ; Avena fatua, L. (var. pilosissima,

Gray), aiid a single specimen of Silene nodijlora, L;

which last, although probably only a casual, may

be worth noting, as it does not appear to have been

previously recorded from any part of Somerset, or

elsewhere in tho Bristol district.

Carduus arvensis, Gurt., var. p setosus.

By the rivor Avon, towards Bath, where it was ob-

served by Mr. J. G-. Baker in 1884, and subse-

quently by Mr. A. E. Burr, who very kindly

furnished mo with fresh specimens. As one of the

rarest and most remarkable of British thistles, I

chronicle tho presence of G. setosus in tho district

with much pleasure. Classed as a variety under

(7. arren.si.s-, the plant in this country has so littl

affinity for the type, that it would probal)ly be ac-

corded specific rank were it not that on tho Conti-

nent intermediate states are said to occur, which

e
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soem to render it impossible to draw a line of

demarcation between it and tlio common form.

The leaves of our plant are soft and flat, not

undulated, amplcxicaul, nor at all deourrcnt ; the

sinuations shallow and beautifully spinous-ciliate,

with spines so weak that the leaves can bo handled

with impunity. Lower petioles elongate. Ai\-

thodcs long-stalked, in a long lax panicle.

Anthemis arvensis, L.

In fair quantity on a heap of old colliery rubbish neai'

Kingswood, West Gloucestershire, where it has

been introduced by means unknown, but now seems

well established. The apparent absence of this

species from the area of the Bristol Coal-field has

not escaped notice, and is a peculiar circumstance.

Although somewhat rare, the plant is widely dis-

tributed in England, and in some of the westex'u

counties occurs frequently among clover and sown

grasses, as well as on the boi'ders of cultivated

fields.

Mentha rotundifolia, L.

A correction. In the " Flora," p. 136, it is mentioiuid

that a few plants of M. sylvestris were found by a

roadside at Portbury. Tliose were I'eally M. ro-

tundifolia, shown by I'ccent observation to gr-ow

there in some quantity.

Mentha sylvestris, L., in Gloucestershire.

A good patch on the bsmk o£ Avon, near Hanham.

In Somerset, Mr. Fry reports a fresh locality by tlic

Chow, near Publow; wo have seen the plant also,

in greater abundance, lower down the sti-eam, at

intervals, for a considerable distance.
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Calamintha officinalis, Moench, var. Briggsii.

Among brambles and long grass near the Avon, under

Leigh Wood. One of the most interesting of recent

discoveries, as previously it had only been seen in

Devonsliire. I noticed this variety about two years

ago, but did not feel sure of its identity until I had

submitted an example to Mr. Briggs, who confirmed

the name, remarking also that in his opinion the

form was of small importance, and scarcely worth

separating. In its extreme state, however, this

plant differs widely from the type, especially in the

peduncles of the lower verticillasters, which ai'e

sometimes an inch and a half long, exceeding the

pedicel of the central flower of the cyme. More-

over, it is larger and lankier in all its parts, show-

ing a marked divergence in the direction of 0.

sylvatica. C. Briggsii is well figured in " Engli.sh

Botany."

Salix acuminata, 8m.

See FL, p. 172. The willow that stands under this

namo would more correctly be referred to S. rugosa,

Loefe
i
and the latter should bo classed as a species

rather than as a variety of 6'. Smithiana, WiUd.

The name acuminata is now restricted to a ddfer-

ent plant, which has not yet been found within the

limits of our district.

Juncus compressus, Jacq., m West Gloucestershire. Com-

municated by Mr. D. Pry.

This apparently rare and little understood species,

whioli, according to Watson, has been frequently

confused with the closely allied but much com-

moner /. Gerardi, Lois, was found in fair quantity
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last August (1886) by a roadside at Bltton, in

company with Lepigonum. rubrum, Fr., another

species of very unfrequont occniTcnco with ua.

Hitherto the claim of /. compressus to a place Itv

our local Flora depended solely on a specimen in

the Stephens Herbarium, labelled " Horfiold," a

locality at which it has not recently been observed,

and it is satisfactory to record that this rush does

undoubtedly exist within the limits of our district.

The distinguishing characters of this species are

:

the oval-sabglobular, shortly mucronate capsules

exceeding the perianths, the compressed stems,

short panicle branches, and tufted habit of gi-owth,

which last peculiarity markedly separates it fr(nn

its congener, /. Qerardi, Lois.

Calamagrostis Epigeios, Both. Communicated by Mr. D.

Fry.

The discovery last autumn of this handsome species

at three localities in North Somerset, viz., Keyn-

sham, near Whitchurch, and at Fan-ington Gurnoy

(at the last by Mias Shcrring), is remarkable,

inasmuch as all that was previously known re-

specting its occurrence within the area of the

Bristol Coal-field consisted (1) of a specimen in.

the herbarium of the late Dr. Porrin, of Temple

Cloud, now in the possession of Mr. R. Y. Sherring,

F.L.S., of Hallatrow Court, and labelled " Bristol,

1838," without any further particulars
; (2) of the

two following records in the Flora, Part vi., p. 231

;

vii^., " Border of Bishop's Wood, Wells ; Miss

lAvett." " By the roadside, between the Monument

and Tracy Park." The latter quotation refers to a
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locality on the eastern border of the Grloucester-

shiro portion of the district, where the plant does

not appear to have been recently observed, and is,

wo have reason to fear, now extinct.

The Pcrrin Herbarium, referred to above, is an in-

teresting collection in a local point of view, as it

contains, in addition to Dr. Pcrrin'.s own specimens,

several which were collected by the late Mr. S.

Rootsey, a well-known Bristol botanist, and by one

of his daughters. Among other valuable plants in

this herbarium is an example, the only one we have

ever seen, of the now extinct Vicia hyhrida, Linn.,

which, in its hairy standard and other characters.

agrees well with the descriptic and figure hi

" English Botany." This specimen, although un-

fortunately without any particulars of locality or

date, was presumably gathered on Glastonbury Tor

Hill, the only spot in Great Britain from whence

V. hyhrida has ever been recorded ; but both that

vetch and Vicia lutea, which formerly grew at the

same place, have long since boon lost, the latter

plant surviving a few years after the former had

disappeared.

In conclusion, 1 may perhaps be allowed to refer to a

matter of interest to local niituralists, and con-

nected with the Bristol Flora, that arises from an

attack made a short time ago in the columns of

the Standard newspaper upon the " Wantonness of

Botanists." The botanical fraternity throughout

tho kingdom were accused of pitilessly compassing

the destruction of indigenous rarities by digging
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thorn up wholesale. Without touch iug' the general

question, whether wo do or do not endanger the

continuance of rare species by our gatherino-s, I

would draw attention to the nature of the grounds
upon which these charges wore based, particularly

those advanced by a correspondent hailing from
Bath, under the initials " W. G. W.," whose grie-

vance referred to two plants of our' own Flora;

viz.. Euphorbia pilosa and Bianthus cmsius. The
Euphorbia was stated to have boon eradicated so

completely that " W. G. W." had searched for it

repeatedly without result ; and, in fact, was in-

debted for a specimen to a root heedlessly dropped
on the wayside by the retreating destroyer ! Our
accuser said likewise that JDianihu.i cmsius at

Cheddar was in imminent danger of extinction

from the same cause.

Now this is all utter nonsense, without a morsel of

fact for foundation. It is a sample of baseless

assertion, unhappily not rare, by wliich persona
uninformed on the subject aro induced to pass
libellous judgments on the unoffending botanist.

The actual facts concerning these two plants are as

follows
: EuphorUa pilosa grows in an out-of-the-

way spot, and to my knowledge " W. G. W." is by
no means the only person who has looked for it in

vain, although I trust he may be tho only one who,
on that account, concluded that it had disappeared.

In tho summer of 1884, at the very time when the

extirpation was alleged to have boon complete, I

saw the plant flowering in plenty; and yesterday

(June 8th, 1887), when visiting the place, there

seemed to me to be a greater abundance than over
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"before ; the chimps of stems in bloom being con-

spicuous at some distance. This spurge is one of

the larger indigenous species. Unless the land-

owner grub and plough the soil, the roots are safe

enough. A botanist needs them as little as ho

needs those of a furze-bush when he takes a speci-

Tho Cheddar Pink, too, is likely to hold its ground as

lonn- as the world (shall last. In addition to the

numberless tufts securely situate on inaccessible

ledges and in crannies of the cliffs, whence seed is

scattered abundantly, the pink is plentiful in spots

where any one can handle it without risking his

neck. To remain ignorant of this, one must be

content to walk up and down the gorge when the

plant is not in flower.



PART X.

By CBDRIC BUOKNALL, Mus. Bac,

Corresponding Memher of the Gryplogamic Sociely of Scotland.

1311. LASiosi'[r«urA fulcita, n. sp. Plato XIII., lig. 8.*

Peritbocia crowded, emergent, then superficial, ovate, rugose, sparselj'

clothed with short, septate, brown liairs, -04 mm. in diameter ; oatiola

large, deeply radiato-aulcato ; asci linear, 120 x S ;
paraphyses filiform

;

eporidia elliptic, at first simple, then uniseptate, brown, 1-2-micleate,

12-13 X 5.

On rotten oak brandies.

The perithecia are erumpent between the fibres of the wood, some-

times at first covered by the bark, then naked and superficial. The

ostiola appear to be supported by from three to six radiating buttresses.

The sporidia are for a long time simple, and do not become uniseptate

until after they have changed from hyaline to brown.

The follovs'ing species are either hitherto unrecorded as

British, or have occurred for the first time in .Britain

in this district :

—

1241. AciAiMCUs (Amanita) solitaiuus, Bull. Champ, t. 48. Fr.

Jlym. Eur., p. 22. Orevillea XF., p. 65.

* The figures in Plates XI. to XIV. are all drawn to scale, the asci

and sporidia being magnified about 830, and the perithecia 70 diameters.
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1274. Hydnum FUSCO-ATiaiM, i'V. JTym. Eur., p. 612. Grevillea

XV., p. 07.

1299. CuYrrovALSA NrrsciiKi, FcU. Sacc. Syl. No. 692.

Plate XI., fig. 1.

1300. DiAPOKTHE (Eupoethe) Thlasnet, Nho. Sacc. Syl. No.

2526. Plate XI., fig. 2.

On neitle stems.

1301. DiAi'Oiann (Eiipoutiik) disouki'ANS, Sacc. Syl. Add.

No. 6008. I'hitc XL, fig. S.

On stems of Eumex.

This agrees well with the description of the Diaportlie on Bumcx from

North America, and also with that of D. orthoceras, which is described

as only growing on Gompositce. As the genus Diaportlie is to a great

extent classified with reference to the host plants, I am bound to refer

my specimens to the former species.

1302. DiAPORTHE (Tt.:trasta(!a) Quercus, FcM. Sacc. Syl.

No. 2572. Plato XI., fig. 4.

On oak branches.

1305. DiAi'dK'iMin (Tn'i'itAsrAOA) ciuistosa, Sacc if Bourn. Syl.

No. 2003. Plato XIL, fig. 5.

On holly branches.

1307. LoiMiiowroMA (Schizostoma) montellicum, Sacc. Syl

No. 5398. Plate Xll.,. fig. 6.

This agrees better with Saccardo's description than with his figure,

Fwng. Ital. No. UG. It evidently belongs to the group comprising S.

montellicum, S. vicinam, and S. vicinellum, which appear to differ princi-

pally in the si^e of the spores. The relative proportions of my speci-

mens asrceing best with «. montclUcmn, I refer it to that species.

1309. LOPHIOSTOMA vaqans, E. Fahrc, Sacc. Syl. No. 5483.

Plate XII., fig. 7.

On a stick of mahogany.

The sporidia agree well with the figure in Spher. Vaucl. fig. liS-/fi,

but it may be the same as L. pseudomacrostomum.

I
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1.317. SpniERTA (Aptospora) Montagnei, Dur. Sf Mont. Sacc.

8yl. No. 3008. Plato XIII., fig. 10.

On Pampas grass.

1318. SpirTEiiiA (LiiPTOSPit/EtiiA) ciALioituM, Sacc. Syl. No.

2928. Plato XIV., fig. 12.

On Galium.

1319. Spn;f;RiA (LKPT0SPii«it:A) ouiiMicoLA, Fr. Sacc. Syl.

No. 3110. Plato XIV., fig. 13.

On stems of Pltnu/mites communis.

0. SpirjiRrA (Lhptospio(iua) dofjotdhs, Auers. Sacc. Syl.

No. soil. Plato XIV., fig. 14.

On stems of Tanacetum vulgare.

1321. SPHiBiuA (METASPHiEEU) cur^MiFiDA, Karst. Saoc. Syl.

No. 347G. Plate XIV., fig. 16.

1241. Agarions (Amanita) soli-),- . , ^ir i n j mn^", • f, 7,
^

> Loigli Woods, Sopt., 1880.
tan lis, litUL. )

' i '

1242. Agarious (Lopiota) clypoo- 1 Elaiso Castlo

larius, Fr.

1243. Agarioiis (Lopiota) copiB

larius, i'V. ) Woods, Nov.,

, . b -
r Clcvodon, May, 1887.

stipes, bow. )
•'

In a greenhouse. Communicated by Mr. B. Wheeler.

1244. Agaricus (Tricholoma) ) Brocldoy
vacclnus, Pers. ) Coombe, Nov., 188G.

1245. Agarioiis (Clitocybe) am- | Blaise Castle

plus, Per.5. ) Woods, „ „

1246. Agaricus (Collybia)
'^o.^'^-\^^^^.^^,,M.m^^M.^Y,\mi

.

genus, ± ers. )
' j '

1247. Agaricua (Mycena) pcli- | Blaise Castle

an<

1248. Affari

antliinus, Fr. ) Woods. Nov., 188(5.

icns (Mycena) am-
j j^- .^..ton, Oct.,

moniacus, Fr. J

1249. Agaricus (Mycena) stan- \ Durdham
neus, Fr. ) Downs, Nov.,
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1250. Agavicus (Mycoiia) vul- ") Brockloy
garis, Fers. ) Coombe, Nov., 1886.

1251. Agaricns (Omplialia) |
Jiydrogrammus, Fr. j " J? ))

1252. Agaricus (Leptonia) as-
j j^^. . ^^^^

])rollns, Fr. ) ^
Oct.,

)i

1253. Agaricus (Flammula) | Blaise Castle

lentus, Fers. 3 Woods, Nov.,
)»

1254. Agaricus (Flammula) \ Wostridgo

lubrious, Fr. j Wood, Sept., 1880.

1255. Agaricus (Psathyra) l)if- 1 Durdham
rotiR, 7)'. 3 Downs, Oct., 1886.

1256. Agarioas (Psatliyrclla)
j

arafcus, B. )
" )5 J>

1257. Agaricus (Psathyrella) j Beaufort
' liydrophorus, Full. ] lload, April, 1878.

„.,.,. ") Osborno lloac'I

1258. Coprmus fiiTiotarms, var., 1 ,^ ^ y
pullatus, 7>V;tt. j nog^r,), May, 1887.

1259.

1260.

1261.

1262.

126.3.

1264.

1265.

1266.

1267.

Oortinarius (PUegma- 1 ^.^^ ^^^^^ g -^ggg^
pus, Fr. 3

> r 'cium) cyanopi

Oortinarius (Plilogma-

cium) scaurus, Fr.

Unrdliam
Downs, 1884.

Oortinarius (Myxacium) 1 ^-^ ^^^.^^ Qct,, 1886,
cmollitus, Fr. 3

Oortinarius (Dermocybe) I Blaise Castle

camurus, Fr.
'

j Woods, Nov., „

Oortinarius (Tolamonia) ) Abbott's

bivelus, Fr. 3 Leigh, Sept., 1885.

Oortinarius (Hydrocybo)
I
]3Iaiso Castle

privignus, Fr. ) Woods, Nov., 1886.

Oortinarius (Hydrocybe)

scandens, Fr.

Hygropliorus hypotliejus, ) Coombo Hill, „
Fr. 3

, 7, 7, ) Blaise Oastlo
Lactarias pyrogalus, J3ull.

j ^^^^^_ g^^^^
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1268 Lactariiis elirysorlienR, F'
) Blaise Castle

'
3 Woods, Nov. 1886.

1269 Russula fellea, Fr. Stapleton, '5 ))

1270. Polyporus fumosus, Fr. 1 Prookley

3 Coombe, )5

1271. „ spnmens, Fr. Leigh Woods
) n )'

1272. Tfamotes mollis, Hommf. ?»
April 1887.

127;?. Dnadalea confragosa, Pers \ Abbott's

3 Leigh, Sept., 1886.

1274. Hydnum fuscoatriim, Fr. Leigh Woods Nov., 1886.

1275. Phlebia merisraoides, Fr. 5) 55 n

1276. ,, radiata, Fr.
) Leigji Woods

\
(iVfr. E.

) Wheeler)

3

)5

1277. Thelopliora Sowerbci, Jl.
7 Berwick

3 Wood, Aug., 1880.

1278. Tremella tubercnlaria, B. Leigh, Woods Doc, 1877.

1279. Phallus impudicus, Linn. Coombe Hill, Sept., 1886.

1280. Lycoperdon pusillum. Fr.
) Dnrdham
J

Downs, .

Jl

1281 Crateriura vnlgaro, Ditm. Leigh Woods Nov.,
11

1282. Stomonitis femiginea, Fh r. Juno, 1884.

1283. Phoma melsena, Fr. Coombe Hill, May, 1887.

Ony

1284.

Utragalus glycyphillos.

Pestalozzia lignicola. Glee.
7 Durdham
3 Downs, June, 1886.

1285. Puccinia mixta, Fcld.
7 „ (Mr
3 Rogers),

L.

11 11

1286. Fusisporiumfoeni, B. 8f Br
7 Black Rock

3 Quarry, May, 1887.

1287. Ascophora mucedo, Tode. Clifton, Sept. 1886.

1288. Peziza fibrillosa, Gurr.
7 Dnrdham
3 Downs, Nov., 11

1289. ,, inflexa, Boll. The Avon, S., Sept., 11

1290. Patcllaria parvula. Glee.
7 Durdham
3 Downs, April, 1887.
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* Hystcrlum carvatum, Fr. ho'igh. Woods.

Very common on roso and bramble stems. It was referred to 11.

Eousselii at p. 349, vol. II., Part III.

1291. Actidium liysterloidcs, i'V. Coombo Hill. — —
* Perisporium yulg-are, j Black Rock

This was described and figured in error as Sporormia seccdenn at No.

1218 Vol. V. Plate V., fig. 3. A form has occurred on a piece of dead

wood, apparently elm, with asoi of a very difierent form, but I cannot

refer it to any other species. It differs from the ordinary form in the

smaller, crowded, generally emergent peritheoia, 250-300 m in diameter,

and the larger, clavate asoi, which are 120 x 15. Sporidia 36 x 7. It

is figured at I'latc XIII., fig. 9.

1292. Diatrype biillata, Fr. Sandy Lane, June, 1887.

1293. Valsa cornicola, Gke. The Avon, April, 1885.

1294. „ (Cborostate) ficcris
j j..j ^,,.^,, ^ ^^

FcJd. j

1295. Valsa (Ualo.spora) dck'usa, ) Blaise Castle,

Fr. )
Rpnng, ,.

1290. Va,lsa,(CaJoRpora)lTmo.ssii, 7 Durdbam
Ctirr. ) Downs, — 1884.

12'.t7. Mehiiiconis aini, Tul. Ham Green. — —
1298. ,, tliolobola, 7'V. „ — —
1299. Cry ])!,() valsa Nitscboi,J''c/J. Leigh Woods, Jnne, 1885.

l.'iOO. l)ia,porl,ho ("'"P'»'fcl'«) Iportbnry, Jutie, 1879.
Tulasnei, M-«. )

^

l;501. Diaporthe (Ibiporthe) dis-
j_
Black Rock

crepana, Sacc. i
Quarry, Feb., 1887.

i:!02. Diaporthe (Tetrastaga) K^^j
,^ ^^^,j^^ _ _

(^uercns, Fcki.
)

i;iO;5. Diaporthe (Tetrastaga) | px^^nham, Nov., 1885.
sarothamni, Awd.

)

1304. Diaporthe (Tetrasta^ga,) | Markham
disciitien.s, Herh. j J^ottom, May, 1887.

1305. Diaporthe (l''etrastaga) | Black Rock
crustosa, Sacc Sf Bourn, j

Quarry, April, 188(3.
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1306.

1307.

1308.

1309.

1310.

1311.

1312.

1313.

1314.

1315.

1316.
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Diaportlie (Tetrastaga) ) Markham
epilobii, Gke. ) Uottom,

Lophiostoma (Schizosto- | mv a

ma) montellioum, Sacc. j
'

Lophiostoma (Lophiot^e- ")

ma) sexnucleatum, Gke. )
"

Lophiostoma vagans, J/. ) Bhick llock

Fahre.
j

Quai'iy,

LasiosphEeria scabra, Curr. > .-,^ '

3 . Downs,

,, fulcita, Buch-
nall f. 126 ante.

Psilosphajria mammrofor-
mis, Fors.

May, 1887.

April, 1880.

Sept., 1886.

Fob., 1887.

April, „

Loigh Woods, — 1878.
lil.'iiso Castle

Woods, — 1884.

Durdham
Downs, Mar., 1885.

Psilosphseria dioioa, Mouq. Coombo Hill, May, 1887.

Conisphoeria paicilostoma, ) --, , ^^.„ ,,
B. \ Ur. j

Coombo ILll, May, „

lam, Nov, 1885.

Spha3ria (Apiospora) Mon-
, ^ i. / n t ,

tagnei, A<r. V JWoni.
py^tesfield, .Inly,

SphaQria (Didymosphsrsria) conoidea, Niossl. No. 1220.

ante, Plate XIII., fig. 11.

Sphffii'ia (Leptospheeria)
galiorum, Sacc.

Sphoaria (Anthostoma) ) tt i

Plowrightii, Niessl.
j-Hanha:

I Tyntesfield,

],.ho Avon,
1317

1318. Sphajria (Leptosphairia) | St. Philip's

1319.

1320.

1321.

I
culmicola, Fr. j Marsh,

Spheoria (LeptosphfBria ) tt- i

dolioides, Auers. j
Kcynsham,

Sphseria (Motaspha3ria) ) Black Rock
culmifida, Karst.

j Quarry,

Giiomonia vulgaris, Ces. ) Durdham
Sf Be No.

J
Downs,

Juno, 1886.

July, 1882

)T 1886.

Jan.,
))

Feb..
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AND

Jfblj 0f tlje §ristol gislrkt.

By II. J. CHARBONNIER.

THE first thing that strikes one on beginning the study

of our local reptiles is the small nnmber of the British

species.

Whereas of 623 European birds, the British list contains

363, more than half—and of 175 species of European mam-

mals, there arc sixty-six British species, ratliei' moi'e than

ono-tliird,—of European reptiles, of which thei'e are, includ-

ing the amphibia, eighty-eight species, only twelve belong

to Great Britain, only one-eighth of the number.

Doubtless their limited means of locomotion have tended

to isolate our reptile fauna ; the banicr of the sea, and the

gradually moi'o unfavourable conditions of niarsh lands

being di'ained and reclaimed, the surface drainage arising

from the sinking of mines and other similar causes, all

seem to tend to their eventual extinction.

Some reptilian orders, as the Testudinata (tortoises), of

which there are eight Eai'opcan species, are quite ab.sent.
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Of the iSaurians (lizards), only three species ont ol: thirty-

one occur.

Of the Ojihidia (snakes), three ont of twenty-fonr.

Of the Amphibia, six ont of twenty-five.

The Sanrians seem to find the temperature too low ; the

specicH getfciriin;' raoi'o plentiful a,nd the s|)ocim(!ns of our own

species larger by degrees m,s one travels southwards.

The Ophidians seem to diminish, in proportion as the

Sanrians and Amphibia—on which they depend largely for

food—become scarcer.

The Amphibians, finding the necessary conditions per-

manent in many lakes and ponds, seem to have fared the

best, and wo still retain one-(|uarter of the number of the

continental species.

The tendency to variation .seems less in I'c^ptikiS tlian in

other classes of vertebrata ; for whilst wc; have species of

mammals and birds which are peculiar to our ish^s, tliore is

no species of reptile peculiar to Great Britain.

Notwithstanding this, I feel sure that close observation

will show that some are snb-specifically different from theii'

European congeners,—their complete isolation makes it

almost certain.

Beginning with the Sanrians (or lizards), of throe British

species we have two in our district.

1. Zoo/.oca vivipara, the pretty little lizard common in

all suitable localities, hot, diy, and sandy phices, amongst

furze and heath, at Leigh, and Brocklcy, and on our Downs.

This active little species (varying from 5|- to 6| inches in

length) may be seen, in hot sunny weather, basking in the

heat, or darting at the small coleoptcra which nnike its

principal food.

This species, like the next, is ovovivip,arous, the thin mem-
bi'ano of the egg bursting at the moment of birth.
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2. Anguis fragilis, tlio Slow-woi'm or Blind Worm. Not-

withstanding its snako-like appearance, this is a true

lizard ; this also is common with us in fields and hedgerows,

growing from ten to twelve or even to fourteen inches in

length. They food extensivoly on tin; smaller kinds of slugs,

which they seize across the back, like a terrier does a rat.

Th(!y are ovoviviparous, and have from seven to twelve

young, eight or nine being the most freqaent number.

Turning next to the Ophidia (or snakes), of three lli'ltish

species two occur with us.

1. Tropidonotus natrix, the Common Siialvo. This is

fairly common in marshy grounds, feeding principally on

toads and frogs. 1 have found three good-sized frogs and

one toad in one snake ; they seem to seize the unfortunate

am[)hibians by the hind limbs, and swallow them in that

way. I have never seen any specimens longer than three

feet, though they reach to four feet on the Continent. The

female is generally larger than the male, they lay fifteen to

twenty eggs, rather larger than a sparrow's, generally in

dung heaps or similar places. These snakes possess anal

glands, similar apparently to the stoat and weasel, giving off

an equally (or worse) oifensive olUuvium. Gilbert White

in his " Selborno," states that the scent is emitted, " se

defendo," the reptile being quite innocuous when not

irritated or frightened. This snake is an expert swimmer.

It is eaten by the peasantry in the South, of Fi'anco as

" anguilles de hfiie."

2. Pelias heruti, the Viper or Adder. The colour of this

species is very variabh^, sometimes almost black. It reaches

a length of about two feet. It is not uncommon on dry and

heathy places, as at Brockley Ooombe, whore it seems to

feed largely on the lizards. This snake is ovoviviparous.

This is our only venomous species. I have heard of several
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fatal cases rosalting from its bito, otic of a boy, and another

of a borso, who happening to lie down on the reptile was

bitten on the shoulder. It is said to bo innocuous in winter,

if roused from its torpor and made to bite, the poisoa seem-

ing inert at that season.

We next come to the Amphibians, a class differing very

widely from the true reptiles, though in appearance very

similar, the popular mind uniting " efts " and " lizards " as

being very nearly akin.

Of the six British Amphibians five occur with us, the

exception being the " Natterjack Toad," a very local species.

1. liana tamporaria, the Common Frog, called " tem-

poraria" on account of the dark mark on the temples.

This species is common on all marshy grounds, though not

as abundant as formerly; it is too well known to require

any account of its history.

2. Bufo vulgaris, the Common Toad, also too well known

to require any description. Very abundant.

I have noticed that the males are constantly rather smaller

in size and darker in colour than the females. It is remark-

able how the specimens increase in size as one travels south-

ward, being larger in the Channel Islands than with us,

larger still in France, until in the Morea and in Sicily they

attain to a length of ten inches.

It is an almost cosmopolitan species, occurring in Central

Asia, China, and Japan, and even in the Himalayas to a

height of 10,000 feet.

Wo next come to those amphibians whore the fish-like

character is moro apparent, the "newts" or "efts." In

these the tail is retained through life, and the gills are

retained until long after the four limbs ai'e developed.

The extraordinary reparative power apparent in the

higher reptiles, enabling the lizard to grow a new tail when
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that very brittle member gets broken, becomes still more

notable in tlie newts ; the loss of a limb, or even of an eye,

or a considerable portion of the head, being soon made good

by the growth of now parts.

The tlireo British species of newts all occur in our dis-

trict.

1. Triton cristahis, Great Water Newt. Tliis is a hand-

some species, attaining to six inches in length, and is fairly

common in ponds and ditches.

The tadpoles arc extremely voracious. I have seen one

swallow a brother tadpole, nearly his own size, and swim

about with the latter's tail hanging out of his mouth. After

a while, however, the victim, possibly threatening indi-

gestion, was turned oat again—this new Jonah seeming none

the worse.

2. Lophinus punctatus, the Smooth Newt. Very common in

every pond and ditch. The tadpoles of this species leave the

water as early as the end of July, having by this time lost

their gills, and being in fact miniatures of the adult ones,

about one inch in length. They then crawl about under

stones, and among grass, etc., in damp places ; liually

hybernating in an old atone wall, or similar place, sometimes

at a considerable distance from the water.

3. Lophinus palm,atus, the Palmated Newt. This species is

said in Cooke's "Our Reptiles," to be local. Ho gives Edin-

burgh, Letton in Herefordshire, Bridgwater, and Uartmoutli,

as localities. I have found it fairly plentiful in the Somer-
setshire part of our district, and in ditches and ponds at

Keynsham. It is a pretty little species, and in the sprino-

the males are beautifully marked and crested. This species

spawns rather later than the preceding.

The tadpoles resemble those of the preceding species, but

have a more distinct crest and a broader tail ; they also
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leave tlio water much later in tlio season, retaining their

gills till the end of September.

They are very voracioiis, feeding at first on cyclops and

various ontomostraca ; and later on on the larvas of gnats.

They are very pretty objects, fish-like in form, and with

bright golden eyes. They are abont an inch long wlion they

leave the water in antn.mn.

Cooke states that, T. crislatus is three years in attain-

ing its adult size, and does not return to the water till

then.

Dr. Wiight says, "They attain to their full size by the

ensuing spring, growing rapidly during the autumn and

winter." This last I cannot believe, as the winter is a time

of more or less complete torpor, and cannot be a period of

growth.

On the other hand, I have never been able to find speci-

mens of intermediate size at any time of the year ; those

I have found in the ponds in spring are always adult, or

nearly adult size,—and those that I have found hybcrnating

have also been of adult size. I should very much like to

hoar if any of our members have been more fortunate.

We next come to the Fishes. Of fifty species of British

freshwater fishes, I am only able to record twenty. I am

sure others must occur, but I have not been able to deter-

mine them.

1. Ferca Jluviatilis, the Perch. This, one of the most

beautiful of our native fishes, is abundant in the Avon,

Froome, Chew, and other suitable streams in the district.

The power of retaining life after severe injuries, and of

repairing such injuries, mentioned with reference to the

reptiles, seems still greater in fish—the perch, carp, and

tench being notably so.

" Fennel," in his Angler Naturalist, relates the following :
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"Whilst fishing in Windermere, in removing the hook from

the jaws of a perch, one eye was dispLaood, and remained

adhering to it. I returned the maimed perch, which was too

small for the basket, to the lake, and being scant of minnows,

threw the line in again, with the eye attached as bait ; the

float disappeared almost instantly, and on landing the new

comer, it turned out to be the fish I had the moment before

thrown in, and which had thus been caught with his own

eye !

"

2. GoUus gohio, the Miller's Thumb, or River Bullhead.

This little species, three or four inches in length, occurs in

most of the small streams and brooks in our neigliboui-hood,

most often under and amongst stones.

3. Oasterosteus leiurus, the Smooth-tailed Stickleback.

There are six species of British sticklebacks, of which

however I have only been able to obtain this one,—which

swarms in the livers and brooks in our district. They live

indiffei'ently in fresh, brackish, or oven salt water, in streams

or in ponds. They are very voracious, and are said to be

very destrnctivo to the ova of other fish. The sticklebacks

are remarkable as being the only one of our fishes, as far as

I know, that display any care or affection for their progeny.

The male stickleback not only building a nest and watch-

ing over tlio eggs, but also doing battle in defence of the

young fry until they ai'o able to shift for themselves ; a

degree of care and affection veiy extraordinaiy in a fish.

Their nest-building habits make them great favourites in

aquaria.

4. Gyprinus carpio, the Common Carp. Occurs in the

Avon, where it used to be caught of large size, but not of

late years. This species is most abundant in the southern

and eastern counties, getting scarcer in the north and in

Scotland and Ireland.



140 NOTES ON REPTILES, AMPHIBIA, AND FISH.

5. Gohio fluviati.lis, the Grudgeon. This species is common

in the Avon and its tributaries, sometimes being caught in

immense numbers.

6. Tinea vulgaris, the Tcncli. Occurs in ponds in the

district ; in most cases it has, however, been introduced. It

occurs also in the Avon above T3ath, but is very rare in its

lower reaches. It is a common fisli in Holland, and is said

to have been first introduced into England in 1514, and was

kept in largo quantities by the monks.

It is extraordinarily tenacious of life, and will survive

most extensive injuries.

7. Leuciscus vulgaris, the Dace. Common in the Avon and

its tributaries; it is a very bright and graceful fish, and a

great addition to an aquarium. Its movements are as quick

and lively as those of a trout, and its bright and silvery

scales make it an especially attractive object. One I had,

though extremely shy and wild at first, soon became very

tame, and would take any number of flies from the fingers

of those it knew.

About the beginning of April they ascend the Chew in

great numbers. They spawn in May and Juno.

8. Leuciscus rutilus, the lloach. Very common in the

Avon and the Froome and Chew; some are sometimes

caught of large size in the Avon.

9. Leuciscus cephalus, the Chubb. Occurs in the Avon, but

more common above Kelston than below; sometimes of

good size, six to seven pounds.

10. Leuciscus alhurneus, the Bleak. Fairly abundant in

the AvoTi ; a bright, hvely little fish, seldom exceeding six

inches in length. It is rarely molested except for bait ;
the

silvery pigment underneath the scales used to be used in

commerce for making artificial pearls, and vast numbers

were caught for this purpose. Tortunatoly for this little (ish
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anothoi: spoolos is now hiid under contribution for this pur-

pose, namely, the " Argentine," caught in the Tiber.

11. Leuciacus phoxinus, the Minnow. This universal

favour'ifcc occurs in shoals in the Avon ; it is rarely found

exceeding three inches in length.

12. Gobitis barbatula, Boarded Loach. Captain Newn-

ham has informed me that ho has taken this fish in the

streams in Ashton Meadows, and I have since found it my-

self in streams (under stones), at Keynsham.

13. Usox lucius, the Pike or Jack. This wolf among

fislioa occurs commonly in the Avon, and nsed to bo caught

of large size, but not of late yoai's ; its pi'odigious voracity is

well known. It is a cold country fish, and reaches its per-

fection ill Lapland and Scandinavia, attaining there to a

length of five feet.

14(. (SaZmo/ario, the Trout. The handsomest of our fi'esh-

water fishes ; is fairly common in the Avon and its tribu-

taries, and is not unfroquontly caught of good size, six or

seven pounds and over.

15. Salmo solar, the Salmon. 1 hardly know if 1 ought to

include this species, as it occurs no nearer than tho Severn,

wliicli lies somewhat outside our district. 1 am informed,

however, that it has occurred accidentally as high up the

Avon as the Suspension Bridge.

10 and 17. Anguilla acutirostris, the Sharp-nosed, and A.

latirostris, the Broad-nosed Eel. Both these species occur
abundantly in the Avon and other streams ; tho former is

caught in immense numbers at the weirs on tho Chow wlien
migrating, as many as a couple of tons being taken in
a night; there are generally some "broad-noses" among
thom, but these, though they roam up and down the rivers

particularly at night, do not seem to migrate like the
others.
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18 rotromyzon marinus, the Sea Lamprey. Ascends the

Severn in large numbers in April and May. I have never

heard of its being found in the Avon.
_

19 Fetromyzon fluviafAUs, the River Lamprey. ii'is

species is common in the Severn, and is indigenous.

20. Flaiessaflesus, tlve Flounder. Is abundant in the Avon

and Chew. Colonel Montagu recorded its occurrence ux the

Avon as high as within three miles of Bath.

In conclusion, I very much regret that I have been unable

to make these notes more complete. I think it is a pity

that whilst the insects, the shells, the plants, down to the

humblest fungi, have found such able exponents amongst us,

the reptiles and fish have so far been completely neglected.

There exists a common prejudice against the former class,

which however would disappear on investigation of their

strocture and habits, and there are many most mterestmg

points in their life history on which our books are either

silent or vouchsafe but doubtful information. May these

incomplete notes induce some member who has more

leisure to take up these branches of our vertebrate fauna,

and to thoroughly work them out.
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TABLE OF RAINFALL.

1880.

Average
(if

3:t years.

Uoparturo
trom

Average.

Greatest fall in
2-1 lIourB.

Numhor
of <lays
on which
•01 in.

or more
foil.Depth. Date.

January . .

February .

Maroli .

April . . .

May . . .

June . . .

July . . .

August . .

Septenihor

.

October . .

"NovoTTibor .

December .

Inches.

4-923

0-819

2-814

2-3,47

4-075

1-017

3-089

2-537

2-083

4-91.2

4-070

5-482

Inches.

3-303

2-386

2-102

2-075

2-3)69

2-049

2-942

3--49I.

3>-3,93.

3-724

2-992

2-820

Inches.

+ 1-620

-1-507

+ 0-052

+0-272

+2-300

-1-032

+ 0-747

-0-957

-0-710

+ 1-218

+ 1-0.81.

+2-350

Inches.

0-958

0-110

0-753

0-052

1-009

0-405

0-798

0-950

0-682

1-320

0-715

1-140

30tlt

28th

30th

7th

12th

1st

25th

13th

27th.

15th

5tb

20th

24

9

14

14

19

i

17

6

13

21

15

21

180Year . . .
39-704 34-315 + 5-389 1-320 Oct. 15th
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Rkmarks.—From tho foregoing tabic it will bo soon tbiit

the total rainfall of tho past year exceeded tho average by

upwards of five inches. This excess was largely due to

the rainy character of tho last three months of tho year.

January and May wore also very wet months. On the

whole, eight of the months yielded an excess, and four a

deficiency of rain. The driest of all was February, with less

than an inch. ; tlio wettest was December, with, over flvo

inches. Ju.no, August, and September were dry months,

and a drought of 27 days' duration, commencing in June,

extended to the 11th of July. On the whole, therefore, tho

summer was very fine.

Tho year was free from any extraordinary diurnal rain-

fall, the heaviest being 1-320 in., occurring with a violent

gale on tlie ISth of October. Miiy and December also had

each a diurnal fall exceeding one inch, the latter instance

including the deep snow of December 26th. On that

occasion the rain and melted snow iiirionnto<l together to

1-140 in., and tho average depth of snow lying on the

ground was 4| inches. It was the deepest snow experienced

here since January, 1881, and tlie quantity was greater than

the depth alone would indicate. Falling on a wot ground,

and with a temperature rather above the freezing point, it

lay compactly, and the 4| inches of actual measurement

represented not less than eight inches of dry snow. In

localities a triflo colder than our own, the actual depth

corresponded more nearly with tho calculated depth.

The havoc wrought by this snowstorm upon tho telegraph

wires and poles was probably without precedent, and tho

circumstances conducing to this result may be worth con-

sidering. The storm was the outcome of a cyclonic dis-

turbance which pursued a somewhat unusual course, its

centre passing up tho English Channel just off our southern



RAINFALL AT CLIFTON IN 1886. 145

oofisfca. Tlic Roiitliorn pai-ts of England wore therefore

situated a little to the north of the storm-centre, instead

of being, as more frequently happens, far to the sontli of

the centre. So long as the storm-centre was distant in the

south-west, the wind here was—in accoi'dance with a well-

known law— south-east, and rain was falling heavily. As

the storm advanced up the Channel and passed to the south

of us, the wind, instead of veering towards the south and

west, as it would under other circumstances have done,

lached to the east and north-oast. This change of wind

brought tlio temperature down to near the freezing point,

and the rain turned to snow. The snow, falling in large

moist flakes, partly melting as it fell and afterwards freez-

ing, would cling to the telegraph wires and incrust them

with ice, perhaps in some cases even cementing a whole

system of wires into a mass of icy snow. A gale following

under these circumstances sufficiently accounts for the

destruction occasioned.



AS EEGAEDS

Ci:m|)cnttitre, taken at Clifte, 1886.

By H. B. JUPP, M.A.

THE obsorvationa from which the following tablog arc derived have

been taken at 8.30 a.m. diiil.y. The Thermomctcra used, with the

exception of that for the Ground Temperature, are kept in a Stevenson

cage ; and in all the readings the requirements of the Eoyal Motooro-

logioal Society are strictly complied with.

1886 TEMPERATURES.

MONTH.
Maximum in Shade. Mmimiim in Shade,

Moan
in Siiado.

Minimum
on Ground,
Lowosfc
recorded.

iriffhoRt

recorded.
Moan.

Lnwost
recorded.

Moan,

January .
48-1 38-8 24-4 32-2 35-5 20-3

February .
49-2 41-4

1
24-1 30-3

1

35-8 20-8

March . .
62-3 46-8 21-7 34-6 40-1 18-1

April . .
70-9 53'0 31-9 40-5 46-4 25-8

May . . .
72-0 60-6 35-0 45-1 52-8 30-1

June . .
80'2 667 45-9 51-0 58-8 41-9

July. . .
83-1 69-9 49-1 55-4 62-7 45-0

August 68-7 63-5 46-8 54-6 59-1

68-2

43-0

September 83-6 651 41-6 51-2 34-5

October .
72-4 58'4

1

36-2 47-5 52-9 31-1

November 67-0 51-6 34-1 42-6 47-1 20-3

December. 63'2 44-0 21-8 33-1 38-6 16-3

Year 1886. 83-5 54-90 21-7 43-17 49-03 15-3

Year 1885. 87-8 53-98 22-1 42-53 48-09 20-1

23-7Year 1884. 87-5 57-44 22-6 44-07 60-66

Year 1883. 82-5 64-54 20-9 42-88 48-71 19-3

Year 1882. 78-5 55-46 21-9 43-62 49-54
j

20-6

Year 1881. 86-9 55-44 12-3 42-92 49-18
I

6-8
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MONTH.

Nuinbor of Diiys
oil which tho
MiTumiiTri
tJroiiTHl

Tora])orjliliro

was below 32°.

Number ol Days
on whitih tho
Miniiiinin

Air 'i'oin|)o™tnro

waB below 32°.

Number of Days
on which tho
Maximum

A,irTorni)oratiiro
waa below 32°.

Number of Days
on which tho

Moan
Air Temperature
was bolow 32".

January . . 23 16 6

February . . 23 18 6

March . . . 18 16 5

April . . . 5 2

May . . .
1

June . . •

July . . .

August . .

September .

October . . 1

November . 6

Dooember . 25 12 1 6

Year 1886 . 102 64 1 22

Year 1885 . G8 40 1 6

Year 1884 . 51 19 1

Year 1883 . 79 40 C

Year 1882 . 63 26 2 7

Year 1881 . 94 60 11 24
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By prof. C. LLOYD MORGAN.

Read March Qth, 1887.

SITUATED as we arc in Bristol on the folded Palteo-

zoics, within sight of the Mendip antiolinal, and

almost within sight of the denuded base of what was onco

a considerable mountain system in Wales, wo cannot fail

to be specially interested in any theory which endeavours to

elucidate the process of mountain building and strata fold-

ing. Having moreover at our very doors the Clifton fault,

within easy distance the Clapton-in-Gordano fault, and in

our coal basins faults without number, we are led to take all

the more interest in such a theory as attempts delinitcly to

connect normal and reversed faulting with other great earth

movements. I have thorefoi'e thought it well to bring

before the members of the Geological Section of the Bristol

Naturalists' Society some account of a hypothesis recently

advocated by Mr. Mellard B,eade, C.K., P.G.S., etc., in a

volume bearing the same title as this paper, and to add

thei'eto some few criticisms, together with some general

remarks on this interesting but most difficult subject.

The hypothesis that has until recently found most favour
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in the eyes of geologists, is that according to which moun-

tain ranges are regarded as the wrinkles on the earth's

stirfaco due to contraction consequent upon the fall of tem-

perature which I'csults from the constant radiation of earth-

heat into space. Many facts of mountain structure, the

extreme plication of the strata, the fan-structure, and the

linear compression; and many facts of mountain distribu-

tion, the subsidiary spurs which accompany groat ranges, and

the complementary arrangement of the Eurasian systems,

east and west, and the American, north and south, have

been held to be readily explicable on this hypothesis.

But in 1881 the publication of the Physics of the Earth's

Crust by Mr. Osmond Fisher, once a firm supporter of con-

traction, but herein an advocate of other views, dealt it a

heavy blow, all the weightier from its (to most geologists)

incomprehensible mathematics. Captain Button and other

American geologists, well acquainted with all the details of

mountain stracturo in the great western continent, have

weighed it in the balance and pronounced it wanting. In

the antipodes Captain Hutton is an old opponent with a

rival theory of his own. And now Mr. Mellard Ileado enters

the field and contends that, not to contraction, but to ex-

pansion within the crust of the earth, are we to attribute

the birth of a mountain range.

In any consideration of mountain-building a preliminary

problem has to bo dealt with. What is the condition of the

interior of the earth ? The old view of a molten globe

surrounded by a thin solid crust is now held only by the

few who are content to ignore, or who dare dispute, the re-

sults of physical and mathematical investigation. Geologists

must choose between the two views which, we are confi-

dently told, are alone physically possible : that of complete

and thorough solidity, and that of a solid core and solid



ON THE OEIGIN OP MOUNTAIN BANGES. 151

crust, with a stratum of molten rock between. Mr. Osmond

Fishor advocates the latter view, Mr. Mellard Reade accepts

the former. All agree, however, that the interior of the

earth is intensely hot; all agree that this heat is being

gradually but slowly lost by radiation ; all agree tliat the

result of such loss of earth heat is tho contraction of the

earth's volume. But whereas the contractionists contend

that this earth-shrinkage is suiTicient in amount to produce

all those wrinkles on the face of mother earth which we

little mortals call mountain ranges, both Mr. Fisher and

Mr. Reade contest the sufficiency of this explanation.

Sir William Thomson has established—that is, calculated

on tho assumed correctness of coi'tain data—tho law which

the tempoi'aturo within the earth must follow if it be a

solid cooling by conduction. Accepting this law, and mak-

ing use of tho results of experiment on the amount of

contraction tho rocks undergo on cooling, Mr. Fisher has

calculated the amount of inequalities of the earth's surface

which would have been formed had they been due to a hot

solid globe cooling by conduction, and finds that the amount

falls far slioi't of that which is found in tho inequalities

actually existent. For whereas the actual inequalities, if

levelled down, would form a layer of about 10,000 feet thick-

ness, those which would be formed on the present hypothesis

would form a layer certainly not exceeding 900 feet in

thickness, and probably not exceeding 200 feet in thickness.

(Fhysics of the UartVs Grust, p. 274.)

Mr. Mellard Reade rejects the contraction hypothesis on

other grounds. He thinks " that an important link in the

chain of reasoning has been omitted, inasmuch as the shrink-

age of tho solid shell itself through tho gradual cooling of

its lower zones has been unconsidered in the application of

tho hypothesis." Ho draws attention to Mr. Fisher's calcu-
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lation that if the temperature of solidification were 7,000°

Fah., our globe would have radially contracted from the

time of solidification to the present time 1'9 miles, and con-

tends that, owing to circumforential shrinkage, witli a

radial contraction of 2'04 miles, the crust at a do[)th of one

mile would undergo no compression.

Both tliose authors, therefore, reject the contraction hypo-

thesis on physical grounds, and contend that to produce the

known inequalities of the earth's surface the contraction

along a radius from the earth's centre, instead of being only

1'9 miles, ought to be from 30 to 40 miles.

But if the compi'cssion which is an observed fact on the

earth's surface has not been produced by secular contivac-

tion, it must be due to expansion of the undoi'lay(!rs of the

earth's crust. Both authors, therefore, base their hypo-

theses, in part at least, on such expansion. Bat they account

for this expansion in different ways.

Mr. Fisher's hypothesis requires a liquid iniicr-strattim

between the solid crust and the solid core. He suggests

that fissures may be formed in the lower part of the ci'ust,

and maybe injected with liquid from the fluid inter-stratum.

The upper part of these fissures would bo filled with gase-

ous water-substance at a pressure of 10,066 tons to the

square foot. The enormous pressure of this gas would tend

to widen the fissure and compress the rocks on either side

of it. " When the rent reached the surface, the vapour

would rush forth and be followed by the magma itself, now

appearing as lava ; and tlius a volcano wtnild bo established.

But this would be an exceptional occurrence. It would

only be here and there that the vapour would escape at the

Burface, because its doing so at one point would relievo the

internal pressure for a long distance." " The quantity of

igneous rock injected into the fissures would go to increase
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the solid crust in. tlio disturbed regions," and thus tipper

ends of the injected fissures would be recognised by geolo-

gists as dykes of igneous rock.

iinb tlio formation of a mountain I'idge by such compres-

sion in a solid crust I'cstiiig on a liquid inter-stratum would,

by the laws of hydrostatic equilibrium, involve certain con-

sequences, i'irst, the thickening of the crust would not

only take place upward, so as to give rise to the visible

mountain mass, but also downwards, so as to give rise to

solid roots of the mountains projecting into the liquid inter-

stratum. Mr. Fisher calculates that two-fifths of the

thickening would appear as a mountain chain, while three-

fifths would go to form invisible mountain roots. "The

existence of these roots of tlio mountains is not a mere

matter of speculation. They have been felt by the plumb-

line in the following raanner. The great mass of the Hima-

laya mountains was, dui'ing the Indian Trigonometrical

Survey, found to attract tlu) plumb-line. But upon its

being calculated how much attraction ought to bo attributed

to this mountainous mass, it was found that, though they

attracted the plumb-line, yet they ought to have attractcnl

it more than they did. Sir G. B. Airy explained this

anomaly by the existence of downward protuber-ances of

a lighter crust into a lieavier substratum ; this is exactly

the same supposition to which our reasoning has led ns."

" Again, the existence of roots of the mountains ought to be

revealed by phenomena of underground temperature ; and

wo find such to be the case." A thickened crust in mountain

regions ought to be accompanied by a diminished increment

of temperature for a given increment of depth. Dui'ing the

construction of the St. Gotha,rd and Mont Cenis tunnels, the

increment was only about half the average ; namely, 1° i\ih.

for 100 feet, instead of 1° Fah. for from 60 to GO feet.
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Secondly, " the thickened area would sag downwards, and

the most thickened area would sink the most. Hence de-

pressions would arise on both sides of the ridge, and the

ocean, which covers tlie general surface, would bo deeper

than elsewhere along two channels parallel to, and at some

little distance from, the ridge. But should the ridge be

steeper on one side than on the otter, as seems inevitable,

the ocean would be deeper on the steeper side." This seems

in accordance with fact. As Dana puts it, " the highest

mountain-border faces the largest ocean."

Lastly, on the principles of hydrostatic equilibrium, areas

of deposit, being constantly loaded with frosli sediment, will

sink ; while areas of denudation, being continually lightened

of their load, will tend to rise. And differential denudation

on opposite sides of a mountain axis will give tlio mountains

a tendency to tilt.

Such is Mr. Fisher's hypothesis. I pass now to Mr. Mcllard

Reade's, merely interpolating an exclamation of I'cgretful

wonder that the newer writer should not have inti'oduced

into his volume a more detailed notice and criticism of the

views of his predecessor in this interesting field of research.

Professor James Hall (1857) was apparently the first to

give prominence to the fact that the preliminaiy and pre-

paratory stage in mountain-building is the long-continued

accumulation of great thicknesses of sedimentary deposits.

Thus, whereas the total thickness of the Patoozoio strata in

the Appalachian chain is about 40,000 feet, the same for-

mation in tho Mississippi Valley, including the carboniferous

limestone, which is wanting in the east, attains a thickness

of scarcely 4,000 feet. At an earlier date (18;M) Babbage

had shown that the deposition of fresh layers of sediment

is necessarily accompanied by a rise of the isogeotherms, or

planes of equal temperature beneath the earth's surface.
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Given that tlio rate of increase of tempoi'ature as wo sink

into the earth's crust is 1° Fah. for every sixty feet, and that

the average temperature of the surface is 60° Fah., then a

pebble or shell at a depth of 600 feet will have a tempera-

ture of 50° + 10°, or 60° Pah. Now, suppose 600 feet of sedi-

mentary strata to accumulate over this spot ; the pebble or

shell will now have a tomporatnro of 60° -f- 20°, or 70° I'ah.

It has increased 10° in temperature for the 600 feet of sodi-

rnentation. TIius, accompanying the accumulation of great

thickness of sedimentary deposits, there is a rise in the

temperature of their lower layers. This rise of the isogeo-

therms is the starting-point of Mr. Reade's hypothesis.

For as surely as solids contract on loss of heat, so surely

do they expand as their temperature is raised. Prom ex-

periments of his own and of others, Mr. lleade takes 2 '76

feet per mile as the average expansion increment of rock

for every 100° b'ali. Lyell had drawn attention to the

vertical uplift due to such expansion. Captain Hutton in-

troduced linear horizontal expansion as the main factor in

mountain building. But " no one," says Mr. Reado, " so

far as I can discover, seems to have perceived in connection

with the earth's crust that increase of volume is the final

result of expansion. Yet tills must be the most potent of

all in its geological effects."

"Let us now consider," ho says, "what would be the

quantitative effect towards the ridging up of a mountain

range of a rise of temperature in a given area and depth of

rock. Take a volume, for example, equal to 500 x 600 x 20

miles ; that is, 5,000,000 cubic miles. If this were heated to

a moan of 1,000° Pah., a temperature that must have occur-

red over antl over again in the local heating of the earth's

crust, there would bo a linear expansion in two directions

of 13,760 feet, or 2-6 miles.
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'' It is evidoTit, on very littlo oorisidcration, iliafc ill is mass

of rock cannot expand laterally, for in that case it would

displace the crust of the earth surrounding the affected

area; nor downwards, for that would displace tlio solid

foundations of the earth itself. It is only free to expand

upwards. We may therefore take it that the lateral in-

crease of volume will be transformed into an upward one.

The lower strata would expand the most, the surface would

not expand at all. The behaviour of the crust under these

conditions would depend on the nature of the strata affected.

If the beds wore comparatively thin, they would become

folded and packed together in a more or less vertical posi-

tion. The internal strain would have most effect in the

region of least expansion, and the packing of tlio strata in

this locus would ridge up the surface and burst it along the

lines of greatest weakness, for the surface layers would be

unaffected by the subterranean heat."

Mr. Reade contends that under the intense pressni'os tlius

generated, even the hardest rocks, such as consolidated

granites, whinstones, and sandstones, would act as plastic

materials. " If the rocks forming the cores of such ranges

as the Alps were crystalline before the upheaval of the

mountains, it is quite evident that, hard and rigid as they

were, they must have responded to the subterranean pres-

sures, and jlmood like lead through a die. In no other way

does it seem possible to account for the forms these cry.stal-

lino rocks have assumed."

The uplift on this hypothesis throws the snporficial rocks

into a state of tension. Hence great superficial cracks. It

is from this cause, Mr. Reado thinks, that we find valleys of

denudation situated more frequently on anticlinals than

synclinals. Thus scarped faces are initiated. And he goes

so far as to say, that except in tlioso cases in which a scarped



ON THE ORIGIN OP MOUNTAIN EANGBS. 157

faco originates in a fault, this is tlio only waj in wliicli a

trno escarpment can arise.

Tims to expansion of tlio nndorlayors do Mr. Reado's

mountains owe their l)lftli. i5at when the energies finally

dio out, conti-action ocoars on a largo scale, and tlms are

produced those normal faults which intersect or run parallel

with mountain axes. It might be thouglit that subsequent

contraction would neutralize the effects of previous expan-

sion, and that the mountain range would sink down once

more into the bosom of the continent. But Mr. Reade's ex-

por'imonts on sheets of load show " that that metal, oven in

small pieces, cannot pull itself back to its original shape on

cooling. Mow much less must this bo the case witli rock !

"

"Every fall of temperature produces aproporticmato vortical

subsidence of the surface over the district aifectcd ; but as

the materials laterally ridged up in mountain ranges by

expansion cannot be drawn back again during contraction,

thoT'o remains a permanent total of uplift in the range

with every rise of tempei'ature, that can only be removed

by atmospheric denudation."

I have now given, I thiidc, a fair though nocessai'ily con-

densed account of Mr. Reade's hypothesis. I pass theroforo

from the expository to the critical pai't of this paper.

W(! have soon tlia.t the author says that increase of volume,

as the final result of expansion (1), has hitherto remained
unnoticed, and (2), must be the most potent of all in its

geological r(iKnHis. l!nt (I), this cubical expansion with
consequent deformation was clearly described fourteen years
ago by Mr. Fisher, in a paper in tho Geological Magazine for
Juno, 187;5, to which Mr. Reado refers in his text. Mr.
Fisher says :

" Kow, fixing our thoughts upon a cube of one
foot of rock, it certainly seems probable that, under great
horizontal pressure, it would undergo the small amount of



158 ON TPIE ORIGIN OF MOUNTAIN RANGES.

compression involved and not expand at all lioiizontally, but

simply become about one-hundredth of an inch higher. Or

else the whole expansion would take place in tlie vertical, the

block suffering slight deformation, and becoming about tlii-ee-

hundredths of an inch higher than it was originally." " As

a homely instance of the effect I suppose, may be talccn the

case of a loaf of light bread baked in a ' tin.' " (Geol. Mag.,

vol. X. p. 251). Mr. Reado is thus not the first to draw

attention to this effect. Nor (2) when ho comes to work

out the results of expansion, does ho take the expansion of

volume as " the most potent of all in its geological effects."

For in dealing with the effective increase in cubic miles of a

given heated area, he disregards vertical expansion, tolling us

in a note that "it does not contribute to horizontal displace-

ment and consequent permanent ridging tip." He thus lays a

good deal of stress on volunio expansion on one page only to

abandon it on tho next.

That however is a minor poiiii). A much more serious

criticism is this. In his enthusiasm for his expansion hypo-

thesis, he practically neglects to consider whctlior tlie super-

induced metamorphism in tho heated rock may not lessen

or oven neutralise the effects of mere expansion by heat.

What are the views of others on this head ? Dr. Storry

Hunt, no mean authority on such a question, says
:

" The

effects of heat and water upon the buried sediments would

be condemation, from tho diminution of porosity, and still

more from the conversion of tho earthy materials into

crystalline species of higher specific gravity, thus causing

contraction of tho mass " (quoted in Fhy.sics of the Earth's

Crust, p. 202). And Mr. Osmond Fisher inclines to the

same 'view; for in a criticism on Captain Hutton's theory,

of which Mr. Mellard Roado's is in part a revival, ho says :

" But I would go farther, and inquire whether the internal
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heat of the earth would not produce contraction ratlior than

expansion
;
at least if it was sufficiently great to introduce

motamorphism or any chemical change." (Oeol. Mag., vol.

X. p. 261). This is the view to which I believe most physical

geologists will incline, and that the more since it seems to

accord with the gradual sinking which accompanies con-

tinuous depression. I cannot but feel surprise that Mr.

Reade should pass over this aspect of the question in almost

complete silence.

And if the expansion docs take place, with the rise of the

isogootherms, as is assumed by Mr. Reade, how is it that

the vast masses of preparatory sediment (40,000 feet or

more in some cases) continue to be formed in a sinJdng

area ? Why is the effect of expansion, wliich one would

expect to take place pari passu with sedimentation, delayed

for long geological ages ? Docs Mr. Reado answer that the

rise of the isogootherms is a slow and gradual process ? So

is sedimentation. A further question suggests itself. Why,
when expansion does begin to take effect, is mountain up-

heaval so rapid ? I do not mean rapid as historians count

time, but rapid as geologists count time. Mr. Reade again

and again reminds us that mountain building is a slow pro-

cess; and so it is in one sense. But whereas the preparatory

sedimentation for tho Alps occu]iied all the Mesozoic and

Eocene time, tho first uplicaval of that range can bo dated

distinctly as Oligocene. Compared with the ages of previous

sedimentation, tho upheaval of the Alps may be said to be

sudden.

Let us now look at Mr. Roade's figures. He tells us that

if we assume that in one area of the globe the temperature

plane of 3,000° Fah. rises from a depth of thirty-five miles

to a dei)th of twenty-five miles, tlie mean increase of tem-

perature for tho whoio overlying twenty-five miles of rock

h
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would be 428°5. This assumption is surely bold onougli.

And yet in illustrating the results of such expansion on a

later page, a mean temperature of more than twice this

amount (1,000° Pah.) is assumed. " If this mass oE rock

were heated to a mean of 1,000° Fah.," ho says, " a tem-

perature that must have occurred over and over again in

the local heating of the earth's crust," the results already

described would follow. Here the words "increment of"

should be inserted before 1,000° Fah., and then we shall

perhaps hesitate before admitting that it must have occurred

over and over again. If we stick to facts of observation, we

have, .say, 40,000 feet of continuous deposit. At an incre-

ment of 1° Fah. for every 60 feet of descent (assumed to be

constant throughout this depth), this will give us (;6G°G

Fah., for the bottom layer, or a mean of 333°3 Fah. for the

whole mass. And, as Mr. Fisher has pointed out, these

333°3 Fah. have been abstracted from the underlying layers

of rock which arc thereby temporarily cooled to that extent.

I cannot but think an increment of 1,000° Fah. is, as they

say in America, a " little too steep."

Still, let us accept it for the nonce ; and let us suppose

that all the expansion is effective, no part of it being neutra-

lised by contraction duo to mctamorphism ; even then we

obtain only, on Mr. Roade's showing, a linear expansion in

two directions of 2-G miles. J3nt in the Alps Prof. Holm

estimates that the compression has been to the extent of

seventy-two miles ; and Prof. Glaypolo estimates that in the

Appalachian chain, 1.53 miles have been compressed into

sixty-five miles. Mr. Reade thinks such estimates excessive.

They take no account, or not sufficient account, he thinks,

of the squeezing out of the strata where they happen to lie

parallel to the advancing plane of pressure, and assume that

the tops of the anticlinals were continuous and not cracked,



ON THE OBiaiN OF MOUNTAIN RANGES. 161

as he oontonds. No such objection can however be taken to

the fact that at Durness in the Highlands certain strata liave

boon pushed forward bodily over younger rocks for a distance

of not less than ton miles. But even granting that his objec-

tions to the figures given by Professors Hoim and Claypole

have some weight, the discrepance, though it may be some-

what reduced, cannot possibly in this way be annihilated.

A further criticism is suggested by the consideration of

the observed contortions in mountain ranges. Mr. Mellard

Reade tolls us that "the upper layers of the earth's crust

being loss affected by these variations in temperature as the

surface is nearcd, are by tlie ridging up thrown into a state

of tension"
; -whence arise, as we have seen, gaping cracks

along the summits of the anticlinals. How comes it then,

we may ask, that the Eocene strata, the latest of the long

series of continuous deposits in the Alps, are so wildly con-

torted in those mountains ? In our own district the main
foldings of Ibo strata took place, I believe, shortly after car-

boniferous times; but the fact that the then i-eenntly formed
rocks are so folded and ridged is evidence that they were
not thrown into a state of tension, but one of compression.

Another fact does not seem to have been duly weighed by
Mr. Reade. If we call into play expansion by the rise of the

isogeotherms due to sedimentation, must we not, by parity of

reasoning, call into play contraction by the lowering of the

isogeotherms due to denudation? The denudation of the

Alps has been enormous. Must there not have been a pro-

portional lowering of the isogeotherms, and therefore a
proportional contraction ? Bnt where is the evidence there-

of ? In arguing against a rise of the land, proportional to

the lightening oF the burden by subaerial denudation, Mr.
Reade says, " It may be pointed out that the removal of

30,000 feet of rock from the Uinta Mountains has not been
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followed by an equivalent uplift, if referred to the soa-level."

Has it, I would ask, been followed by subsidence proportional

to the consequent lowering of the isogeotherms ?

The more I consider what must bo the effects of subse-

quent contraction, the more difficult do I find it to accept

Mr. Mellard Beade's hypothesis. Relying partly on his

experiments on a small scale with lead, he tells us that the

materials laterally ridged up by expansion cannot be drawn

back again daring contraction. Hence there remains a

permanent total uplift in the range. " None of the material

of the earth laterally displaced by expansion can be di-awn

back by tension, as is the case with metal plates ; conse-

quently the elevation," he adds, " is more rapid and effec-

tive." But the subsequent contraction must take place

somewhere. I am ready to admit, and have indeed for many

years been in the habit of teaching, that whereas reversed

faults are due to intense lateral pressure, normal faults are

the result of local and comparatively superficial contraction,

and involve a lengthening of the area in which they occur.

But I do not think that in any known area of the earth's

surface there is evidence of so groat an amount of local

contraction as is necessitated by the after-tensions involved

in Mr. Mellard Keado's hypothesis.

For many reasons therefore I feel constrained to reject

Mr. Mellard Reade's views, gladly as I welcome his volume, as

presenting an adequate account of the phenomena of moun-

tain building ; and as a minor criticism, I would question his

view of the plasticity of solid granite or gneiss. The analogy

of the flow of metals will not help us hero. I rather incline

to the view that the gneiss, which exhibits in the Alps the

well-known fan structure, was, during the throes of mountain

upheaval, in an imperfectly solid condition thi'ougU incipient

aqueo-igneous fusion.
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I am not here to-night to advocate any theory of my own.

I am inclined to believe that, after all that has been said

against it, the hypothesis of secular contraction has, mathe-

matics notwithstanding, some vitality in it yet. The view

that long-continned sedimentation gives rise to a line of

weakness (pai'tly through rise of the isogeothcrms) between

the continental area, strengthened perhaps by a depression

of the thermal planes throngh denudation, and the oceanic

area, strengthened perhaps by a depression of the isogeo-

therms through convection, and that along this line of

weakness a mountain range is ridged up through secular

contraction, still seems to mo, if not the most probable, at

any rate the least improbable hypotliesis.

I do not question for a moment the accurate working of

the mathematical mill which has produced Sir William

Thomson's and Mr. Osmond Fisher's results. But I think

the data may need revision. And the accuracy of the result

depends entirely upon the validity of the data. Sir William

Thomson's results are based, it seems, upon the cooling of

(1) a solid globe, (2) by conduction. But accepting for the

nonce M.v. Fisher's intorstratum of molten rock, which we
may presume has been gradually lessening in amount by

gradual solidification : has suiEcient account been taken of

the consequent contraction on solidificiiJiion to granite or

other such rock, estimated by M. Delcsso at from three to

seven per cent. ? has sufficient account been taken of the

removal from the underlayors of vast amounts of rock

through the instrumentality of volcanic action? and has

Rufficiont account been taken of the large amount of heat-

cnorgy removed by the underground circulation of water,

and by the vast volumes of steam formed during volcanic

eruptions ? The annual discharge of the Bath spring alone

is more than sixty-five million gallons at a temperature of
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about 120° Tah. I should like to seo a calculation of tlic

number of units of boat lost to tbo under-strata annually

through the instrumentality of hot springs. I believe it to

bo one of the functions, and not the least important func-

tions of water to be constantly diving into the earth cold

and rising to the surface in a more or loss heated condition.

I am not aware whether this has been ever sufficiently

taken into consideration. It seems to me to be a highly

important agency by which the underlayers of the crust

are made to cool and contract more rapidly than the over-

layers. It may help too to account for the diminished

temperature beneath mountain ranges ; the diminished den-

sity beneath continental as compared with oceanic areas

being explicable on that hypothesis of dilTorcntial cooling

along different radii which accounts for the initial deter-

mination of these oceanic and continental areas.

In conclusion, I would beg to draw the attention of the

members of this section to the many valuable facts and

illustrations of mountain structure which Mr. Mellard Reade

has collected together in his volume. I do not think his

theory will be generally accepted. But then arc wo not all

of us much in the dark on this difficult question ? Might

not some good-humoured cynic liken our attempted solu-

tions to the sweet twitter of the sea-lark in Browning's

song, mountain ranges being but part of the " good gigantic

smile of the brown old earth " ?

" Oh, good gigantic smile of the brown old earth,

Thia autumn morning 1 How he sets his bones

To bask in the sun, and thrusts out knees and feet

For the ripple to run over in its mirth :

Listening the while, where on the heap of stones

The white breast of the soa-lark twitters sweet I

"



CIjc ||otiit0 CcraittcmiriT.

By GEORGE F. BUllDER, M.D., F.R. Met. Soc.

IJROMTNENT among the features of the present day are

-J- jubilees, centenaries, tercentenaries, quincentenaries,

OTon millenaries ; and celebrations of this kind, if only the

subject bo worthy, are to bo commended as supplying a

special motive for the study of historical events in their

bearings upon the progress of our race.

The introduction of the potato into Britain was an event

of much more than botanical interest, and it was a happy

thought to signalise what was believed to be its three hun-

dredth anniversary by a conference and exhibition in

London, at which should be gathered together all the avail-

able means for ascertaining the time and cii'cumstances of

the event, as well as for discussing matters bearing upon

the future of this valuable root.

The conference was held in the early part of December,

188G, and tlie exhibition is said to have been remarkably

rich in materials for illustrating the history of the potato.

Nevertheless, the result, so far as relates to the introduction

of the plant into this country, is disappointing to those who

had not the advantage of being present, nothing, to the best

of my knowledge, having been published beyond short

abstracts of the proceedings, and very little indication



166 THE POTATO TEECENTENAHT.

given of the grounds upon wliich tho speakers based tlieir

conclusions.

Of tho various subjects relating to the potato which

were discussed at the conference, the one which I propose to

take up is tho introduction of tho plant into Britain, and its

early history here.

We know a great deal more of tlio history of the potato

than we can ever hope to know of the history of wheat or

other cereals ; the history of these latter being lost in the

mists of a remote antiquity, while that of the potato, con-

sidered as a European plant, is comparatively modern. No

botanist can point with certainty to the wild plant from

which our cultivated wheat has been developed, or name its

native habitat. The wild potato, on tho other hand, and its

habitat, are matters upon which botanists are, to a large

extent, agreed. Still there are many points regarding the

history of the potato which admit of controversy, and some,

probably, which will nevei' be settled.

Three persons have been credited by different writers with

the introduction of the potato into England—Sir John

Hawkins, Sir Francis Drake, and Sir Walter Raleigh—all,

curiously enough, Devonshire men, and all prominent figures

in tho early history of the British navy.

The earliest date assigned in books to the introduction of

tho potato into England is 1563. In " Haydn's Dictionary

of Dates," I read—" Potatoes were originally brought to

England from Santa Pe, in America, by Sir John Hawkins,

A.D. 1563"; and a similar announcement may be found in

other books of reference. Hawkins, to whom belongs the

unenviable distinction of being the first Englishman to

engage in the African .slave-trade, made throe voyages

about tho above-mentioned dato for the purpose of supply-

ing the Spanish colonies in the West Indies with slaves
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from Guinea. Tlio first of these voyages was begun in

1562, and ended in 1503 ; tlie second was accomplished

in 16G4-5; and the tiiird, commenced in 15G7, was iiniahed,

as the narrator says, in January, 15G8, or as wo should say,

in January, 1569, the new year at that date being con-

sidered to begin in March. If Sir John Hawkins brought

homo potatoes in 15(5:5, as alleged in the books, it mu.st

have been on his return from his first voyage ; but that

is rendered improbable by the fact that his first voyage

included no visit to tlic mdinland of America. In Hakluyt's

collection there are narratives of all three of Hawkins's

voyages, and a perusal of the second of those discovers

plainly the origin of the statement referred to, which, at all

events, will be seen to involve an error of date. I extract

the following from the account of Hawkins's second voyage

in the black-letter edition of Hakluyt, vol. iii., p. 507 :—
" Here perceiving no trafficko to be had witli tliora, nor yet water for

the rofresliing of our men, we were driven to depart the twentioth day,

and the 2 and twentioth wo oamo to a place in the maine called Cumana,

whither the Captaine going in his Tinnisso, apalie with oertaine Spaniards,

of whom he demanded trafficlco, but they made him answero, they were

but souldiers newely come thither, and were not able to buy on [? one]

Negro : whereupon hee asked for a watring place, and they pointed him

a place two leagues off, called Santa Fe,* where we found marveilous

goodly watering, and commodious for the taking in thereof : for that the

fresh water came into tho Sea, and so our shippos'had aboord the shore

twentie fathome water. Neerc about this place, inhabited oertaine

Indians, who the next day after we came thither, came down to us, pre-

senting mill and cakes of breade, wliioh they had made of a kiude of

cornc called Maiz, in bignesse of a pease, the earo whereof is much like

to a teasell, but a apanne in length, having thereon a number of granes.

Also they brought down to us Hennos, Potatoes and Pines, which we

bought for beades, pewter whistles, glasses, knives, and other trifles.

" These Potatoes be the most delicate rootes that may be eaten, and

doe farro exceed our passenops or carets."

Santa F6, near Cumana, in Venezuela.
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This passage seems at first sight conclusive as to the fact

of Hawkins having at least seen potatoes, whether he

brought any homo or not ; but, for reasons which will

appear presently, it is questionable whether the roots which

he calls potatoes were potatoes in our sense of the term.

The evidence in favour of Sir Francis Drake having intro-

flnced the potato into England in 158C is considered by Mr.

Mitchell, one of the speakers at the conference, as sufficiently

conclusive. It was in that year that Drake brought back

from Virginia the colonists whom Raleigh had established

there in the previous year, and who had been unable to hold

their ground against the hostility of the Indians.

The association of Sir Walter Raleigh's name with the

introduction of the potato appears to rest on no bettor foun-

dation than the two following facts—one assumed, the other

established : first, that it was in connection with the return

of Raleigh's colonists from Virginia that the introduction

took place ; and, secondly, that Raleigh himself, if he was

not the first to introduce the plant into Ireland, at all events

cultivated it successfully in his garden at youghal.

Assuming what seems extremely probable, that the same

ship which brought back the Virginian colonists brought

also the first potatoes to this country, the credit of the in-

troduction may, perhaps, fairly bo divided. To Raleigh a

portion may bo assigned, as the organiser of the Virginian

settlement, and to Drake another portion, as the commander

of the ship. But, as it seems to me, a good third of the

credit should bo given to a man whoso name has seldom

been heard in the controversy, one Thomas Harriot.

Thomas Harriot, who was an eminent mathematician and

astronomei', formed one of the party of colonists sent out by

Raleigh to Virginia, and ho has left on record an interesting

account of the productions of that country. I quote what
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he says of a certain root whicli ho found, and which there

seems very good reason for identifying with our own

potato :

—

" Opcnauk aro a Idndc of roots of round forme, some of the bignesse

of Walnuts, some farre greater, which aro found in moist and marish

grounds growing many together one by anotlior in ropes, as though they

were fastened with a string. Being boiled or sodden, they are very good

meat."—Uakluyt, lUack-Lettc.r Ed., vol. iii., p. 272.

There aro many other descriptions of natural products
;

and, in short, Harriot seems to have boon, as we should say

in modern parhmcc, the naturalist of the expedition. He
was in the country for twelve months, and had ample oppor-

tunities of observing. Under these circumstances it seems

quite reasonable to assume, in the absence of positive evi-

dence, that if any one of the company on board Drake's ship

was more concerned than another in bringing over the

potato, that one was Harriot.

It must be allowed that there is one serious difficulty in

the view I have advocated, or in any view whioh assumes

that the potato came from Virginia. The potato is not

indigenous in Virginia, nor within a thousand miles of Vir-

ginia. Mr. Mitchell, at the conference, expressed his belief

that Drake obtained the tubers in South America, where he

liad boon before calling for the colonists in Virginia. But

against that view must bo placed the fact that those roots,

on their introduction, and for many years aftci'vvards, were

always called Virginian potatoes, oven by botanists—an

error, if it was an error, which could scarcely have escaped

correction when the facts were fresh in memory. Mi'. Car-

ruthers, at the conference, suggested, if I understand the

report correctly, that the potato, though not indigenous in

Virginia, might have spread thither by cultivation. There

is said to be good evidence that the Indians of South
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America had cultivated the plant from time immemorial,

and Mr. Carruthers's suggestion is, perhaps, the most likely

solution of the difEculty, notwithstanding that it seems

to conflict with, an express statement of Harriot, that the

" openank " was not a cultivated but a wild plant.

To appreciate aright the evidence on this point, it is

necessary to inquire more particularly into the natural

habitat of the potato and its allies. For this purpose I

avail myself of a valuable article by Mr. J. Q. Baker, of

Kcw, published in the Journal of the Linnoan Society

(Botany, vol. xx., ISTo. 131).

The genus Solanum, to which the potato belongs, is one of

the largest known to botanists. No less than about nine

hundred species have been described, and it is estimated by
Bentham and Hooker that some seven hundred of those are

really distinct. Fortunately, however, for the inquiry in

hand, only a very small proportion of these seven hundred

species belong to the tuber-bearing group. About twenty

tuber-bearing Solanums have been named, but Mr. Baker, in

the article referred to (which was published in 1884), re-

duces those to six. These are the Solanum tuhernsum, (to

which species belong, probably, all our cultivated varieties),

the 8. Maglia, the 8. Gommorsoni, the 8. ca/rdiophyllum, the

8. Jamesii, and the 8. oxycarpum. By the report of the

Potato Conference, I see that Mr. Baker now considers five

kinds only to bo specifically distinct, having merged the

Maglia with the tuberosum. This is of interest, because the

8, Maglia, the potato which Darwin found in the Chonos

Archipelago, far south on the coast of Chili (lat. about 45°),

is the kind which has lately been experimented upon by
Messrs. Sutton, of Reading, at the instance of Earl Cathcart,

with a view to establish, by cross-breeding, a kind which

should bo better adapted to the English, and, more es-
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pecially, ono may suppose, to the Irish, climato, tlian any of

the existing varieties, and, therefore, stronger to resist

disease. The expectation that such a result might ensue

was founded upon the fact that while the tuheriKum loves

the dry and sterile regions of Central Chili, whore no rain

falls for six months, tlie Maglia luxuriates in the humid

forests of the Chonos Islands.

According to Mr. Baker, the 8. tuberosum inhabits the

Andes of Chili, Peru, Bolivia, Ecuador, and Columbia ; also

the mountains of Costa B/ica, Mexico, and the south-western

United States ; while the variety Maglia is found on the low

land of the Chili shore, as far south as the Chonos Archi-

pelago. The four other species of tuber-bearing Solanums

arc all likewise American, and are found in La Phita,

Uruguay, Mexico, and the south-western United States,

From this it seems clear that the " openauk " of Harriot, if

really potatoes, could not have been, as his statement would

appear to imply, indigenous plants, but must have been

introduced by cultivation, having been derived in the first

instance from a very distant region. It is possible, however,

that the plant, though originally introduced, may in the

course of time have become naturalized, and therefore in a

legitimate sense wild.

The difficulties of this inquiry have been increased by the

circumstance, not always recognised, that there were potatoes

in England and on the continent of Europe before the dis-

covery of the Solanum tuberosum. These pre-solanal potatoes

were what wo now call " sweet potatoes." They were the

tubers of a convolvulaccous plant, the Convolvulus batatas,

otherwise Batalas edulis. Whence and when they originally

came, .and to what extent they were used in this country, ai'o

questions more difficult to answer than any wo have yet con-

sidered. The plants yielding them are found both in the
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Bast and in the West—in China, Japan, Australia, tli

Pacific Islands, America, and the West Indies. They are

cultivated in the southern countries of Europe, but they will

scarcely grow in our climate. They were formerly imported

from Spain, and are still occasionally scon in the shops. The
name " batatas " is said (I know not on what authority) to

be Malayan. If that bo so, it may be taken as proving that

they came originally from the Bast. The Spaniards may
have obtained them either from the East or from the West,

and their introduction into Europe may have been one of

the early fruits of the Spanish voyages and conqnosts in the

sixteenth century. Obviously our word " potato " is nothing

but " batatas " modified. When the Solanum tuber was in-

troduced, hearing as it did some resemblance to the potato

then in use, and being cooked and eaten in the same way,

it came to be called by the same name, with the word
"Virginia" or "Virginian" added by way of distinction.

Gerard, in his " Herbal " (1597), makes this very clear.

He devotes a separate chapter to each plant, and each

is illustrated with a woodcut. The chapter on the old-

fashioned potato is entitled " Of Potatoes," and the draw-

ing is headed

—

" Sisarum Feruvianum, sive Baiata Ilispanorum.

" Potatus or Potatoes."

I extract the following from his description of the

plant :

—

" This plant which is called of some Hisarum Pe.nwianum, or Skyrrita

of Peru, ia generally of us called Potatua or Potatoes. It hath long
rough flexible branches trailing upon the ground, like unto Pompions

;

whereupon are sot rough hairio leaves, very like unto those of the wilde

Cucumber. There is not any that hath written of this plant, or aaide

any thing of the flowers, therefore I refer the description thereof unto
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those tbat shall heercafter have further knowledge of the same :
* yet

have I had in my garden divers roots that have florished unto the firs

approoh of winter, and have growen unto a great length of branches, but

they brought not foorth any flowers at all ; whether bicause the winter

caused them to perish before their time of flowring, or that they be of

nature barren of flowers, I am not certaine. The rootes are many,

thioke, and knobbie, like unto the rootes of Peionies, or rather of the

white Asphodill, joined togither at the top into one head, in manner of

the Skyrrit, which being divided into divers parts and planted, do make

a great increase, especially if the greatest rootes be out into divers

gobbets, and planted in good and fertill ground.

" The I'otatoos grow in India, Barbaric, Spaiue, and other hotte

regions, of which I planted divers rootes (that I bought at the exchange

in London) in my garden, where they flourished until winter, at which

time they perished and rotted."

Gerard's chapter on tlio potato then newly introduced is

entitled, " Of Potatoes of Virginia," and the heading over

the woodcut is

—

" Battata Virginiana sive Virginianorum, ^ Pappus.

" Potatoes of Virginia."

Of this plant ho writes :

—

" Virginia Potatoes hath many hoUowo flexible branches, trailing

uppon the grounde, three square, uneven, knotted or kneed in sundry

places at certaine distances ; from the which knots commeth foorth one

great leafe made of divers leaves, some smaller, & others greater, set

togither upon a fat middle rib by couples ; of a swart greeno colour

tending to redncs. The whole leafe resembling those of the Parsncp, in

taste at the first like grasse, but afterward sharp and nipping the

toong : from the bosome of whioli leaves come foorth long rounde

slender footstalks, whereon do grow very fairo & pleasant flowers,

made of one entire whole leafe, which is folded or plaited in such strange

sort, that it seometh to be a flower made of sixe sundrie small loaves,

• In Johnson's edition o£ Gerard (T(U!:!) this passage is given as

follows :—" There is not any that have written of this plant have said

anything of the floures : therefore I refer tlieir description unto those

that shall hereafter have further knowledge of the same." This seems

to make better sense.



174 THE POTATO TERCBNTENABY.

which cannot easily bo perceived, except the same bo palled open. The

(iolour whereof it is hard to exprcsae. The whole flower is of a hght

)iurple color, stripped down the middle of every folde or welt, with a

light shew of yellownes, as though purple and yellow were mixed

togither : in the middle of the flower thrusteth foorth a thioke fat

pointell, yellow as golde, with a small sharpe greene pricke or point in

the middest thereof. The fruite sueceedeth the flowers, round as a ball,

of the bigues of a little bullease or wildo Plum, greene at the first, and

blaokc when it is ripe ; wherein is contained small white seede, lesser

than that of Mustarde. The rooto is thicke, fat, and tuberous; not

much differing either in shape, colour or taste from the common
Potatoes, saving that the rootes hereof are not so great nor long ; some

of them round as a ball, some ovall or egge fashion, some longer, and

others shorter : which knobbie rootes are fastened unto tlie stalkcs with

an infinite number of threddie strings.

" It groweth naturally in America where it was first discovered, as

reporteth C. Clusius, since which time I have received rootes hereof

from Virginia, otherwise called Norembega, which growe and prosper in

my garden, as in their owne native countrie.

" The leaves tlirust foorth of the ground in the beginning of May : the

flowers bud foorth in August. The frait is ripe in September.

" The Indiana do call this plant I'apus (meaning the rootes) by which

name also the common Potatoes are called in those Indian countries.

Wo have the name proper unto it, mentioned in the title. Bicauae it

hath not onely the shape and proportion of Potatoes, but also the

pleasant taste and vertues of the same, we may call it in English

Potatoes of America, or Virginia.

" The temperature and vertuca are referred unto the common

Potatoes ; being likewise a foode, as alao a meato for pleasure, equall

in goodnosse and wholesomnosso unto the same, being either rested in

the embers, or boiled and eaten with oilo, vineger and pepper, or dressed

any other way by the hand of sonio cunning in cookoric."

Wo aro now in a position to rc-considor tlio statement

that Sir John Hawkins brought potatoes from Santa Fe.

On the one hand, it may be said that the very fact of

Hawkins calling the tubers by the familiar name "potatoes"

seems to show that the objects themselves wore familiar to

him, tliat is to say, that they were the tubers of the batatas,

and not of the solanum. On the other hand, it may be con-
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tended that ho was led to call them potatoes from their

resemblance only to the root with which he was familiar
under that name, and that his concluding remark about
them is inconsistent with the supposition of their identity.

Be that as it may, evidence is wanting of Hawkins having
introduced the plant into England; while the terms in

which Gerard, nearly thirty years later, writes of the Vir-
ginian potato as a new discovery, forbid us to believe that
the plant had been long in cultivation in this country.

It was Bauhin, a Swiss botanist, who (about 1G20) first

referred the Virginian plant to the genus Snlanum, calling it

Solanum tuheromm esculentum—names (except esculcntum)

adopted by Linna3U8 and still retained.

Many years elapsed before the new potato so far sup-
planted the old as to be able to dispense with its distinctive

epithet. So late as 1686—just a century after its introduc-

tion—Ray, in his "History of Plants," give as the English
name "Virginia Potatoes," while ho calls the other sort
" Spanish Potatoes." It would seem as if at that time the
two kinds had reached an equality of popularity, and the term,
"potato," by itself, had become ambiguous. But there can
be little doubt that for many years after the introduction of
the Virgini,-m root, the word "potato," used alone, retained
its old moaning. It occurs twice in Shakespeare, in plays
written respectively in 1G02 and 1609, and in both instances
there is a probability, from internal evidence, that the
batatas tuber is meant.* Bacon, in his essay " On Life
and Death " (about 1625), writes .—" If ale should bo made

* The Gvidonoo is hardly conclusive. With regard to one of the
passages (Merry Wives of Windsor, Act V., Sc. .-5), it may be objected
that the provocative quality fancifully ascribed to the batatas was
quieldy transferred, by the lively imagination of our forefathers to
the new root, as appears clearly from Gerard's description, as well as
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not only with the grains of wheat, bailey, oats, pease, and

the like, but also should admit a part (suppose a third part

to these grains) of some fat roots, such as- are potado roots,

pith of artichokes, burr& roots, or some otlier sweet and

esculent roots ; wo suppose it would be a more useful drink

for long life than ale made of grains only." (Montagu's ed.

of Bacon's Works, vol. xiv., p. 383.) This passage has been

quoted as referring to the solarmm potato, but considering

the date and the absence of any distinctive addition, I should

think it quite as likely that the sweet potato was intended.

At a little earlier date (IGIH), Queen Anne (wife of

James I.) is said to have entered in her diary a purchase of

potatoes at two shillings a pound, but without farther par-

ticulars it would be impossible to say certainly which kind

was meant.

With our knowledge, it is strange to see how very slowly

the now vegetable crept into favour. In March,, 1662-3, at

a mooting of the lioyal Society, a letter wiis road from Mr.

Buckland, a Somerset gentleman, recommending the plant-

ing of potatoes, in all pai'ts of the kingdom, to- prevent

famine. Lancashire took the lead in the cultivation. In

1684 potatoes were first planted in open fields in that

county, and in 1728 in Scotland. But it was not until

about 1750 that potato fields had become at all general in

from that givcni by Glusius, iu Ins Rariorum I'lantamm UUloriii.,. lib. iv.,

cap. r,2 (1(501).

With regard to tho other paasaKO (Troilm and Cressida, Act V., Sc. 2),

the figure may admit of interpretation under either view.

It is even possible that the word "potato " may have boon used by

Shakespeare (perhaps also by Bacon in the quotation which follows) in a

sense inclusive of both varieties, for it should be remembered that the

botanical distinctions which now require us to consider the two roots as

widely different products were then unlmown..
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fchc coantiy. Even so late as 17G0 (or tliereaboats), Philip

Miller, in his " Gardener's Dictionary," says of potatoes,

that they were " despised by the rich, and deemed only

proper food for the meaner sort of persons." But after

this date they must have made rapid progress in public

esteem, seeing that at the present time, according to official

returns, the annual production of potatoes in the United

Kingdom is about six millions of tons—a total representing

upvvards of three hundredweight for each individual, man,

woman, and child.
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By Peof. C. LLOYD MORGAN.

Abstract.

NOTHING- in natural history is more abstniso and

(lifTicnlt than an accurate description of the senses

of animals." So wrote tho Danish naturalist, Fabricius,

nearly a hundred years ago. Recent advances in science

have not proved his saying untrue. Even in animals con-

structed on the same morphological plan as man, there are

probably great differences in the ratios of the senses. But

where the animals are constructed on a different plan, tho

" abstruscness and dilficulty " arc enormously increased.

The special senses of man may be divided into two classes

:

1. Contact senses, including,

(a) Touch : by means of which wo become immediately

acquainted of the presence of matters solid, liquid,

and gaseous.

(&) Taste : whore the matters are liquid or gaseous.

c) Smell : where they are gaseous.

178
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2. Telcesthetic senses, including,

(d) Hearing : telling ns of certain states of distant

bodies through the intermediation of air-borne undu-

lations ranging up to some 36,000 per second.

(e) The temperature sense : telling us of certain states

of distant bodies through the intermediation of efchcr-

bornc undulations of upwards of thirty million million

per second.

(/) Sight : when the ether-borne undulations range be-

tween about 400 and 800 million million per second.

The human organization is not fitted to respond to air-

borne undulations beyond about 36,000 per second, and this

upper limit of hearing varies considerably in different in-

dividuals. Nor does it respond to ether-borne undulations

below about thirty million million per second. Below about

400 million million and beyond about 800 million million

undulations per second tlie liuman eye perceives nothing,

the end-organs of sight are not stimulated. But photo-

graphy makes us indirectly acquainted with undulations up

to 1,600 million million per second. This may bo termed

the doctrine of limits in sensation.

There would seem to be no organic reason why the senso-

organization of insects should have the same limits as that

of man. The probabilities are that the limits for them are

different, perhaps very widely different. Sir John Lubbock

has shown that ants are sensitive to ultra-violet iHys. It ia

quite conceivable that the ants' nest may resound with in-

sect voices inaudible to us, beyond our upper limit of hear-

ing. Moreover, while we hear sounds of different pitch,

and distinguish colours of different vibration-poriod, for ns

heat has neither tone nor colour. But it may be otherwise

with insects. It is conceivable that the long summer's day,

the warmth of which has for us neither tone nor colour,
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may to the bnttcrfly bo made musical with a symphony of

HoLar radiance. I do not for ono moment assert that this is

so. My puiposo is merely to sliow tliat thoi-o may be " per-

manent possibilities of sensation " to tlio insect of which wo

duller folk may only sometimes dream, with a sort of night-

mare consciousness, the while, that folk yet duller still are

laughing at us for our pains.

The speaker passed in review the more recent advances

in our knowledge of the morphology and physiology of in-

sect sense-organs. Concerning the psychology of the subject,

he maintained that we could only make more or less improb-

able guesses from analogy.

He pointed out that the important role which sense-hairs

or setiB play in organisms enshoathed in chitinous armour
;

and compared in this respect insects and their allies the

Crustacea. In Fig. 1, A B D (from the writer's Animal

Biology, by the kind pei'mission of Messrs. Rivington) tactile,

olfactory, and auditory setsB from the crayfish are shown.

The structure of the .arthropod eye and the principle

of arthropod vision was considered. Fig. 1, h] shows a

section of the eye of a crayfish, while F is intended diagra-

raatically to illustrate the principle of mosaic vision. At a h

are a number of transparent rods, separated by pigmented

material absorbent of light. They represent the crystalline
,

cones of B. Ai c d is an arrow placed in front of them.

Ate /is a screen placed behind them. Rays of light start

in all directions, from any point c of the arrow ; bnt of those

only that which passes straight down one of the transparent

rods readies the screen. Tliose which pass obliquely into

other rods, are absorbed by the pigmented material.

Similarly, with rays starting from other points of the arrow.

Only thofso which pass straight down ono of the rods reach
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the screen. Whence there is thrown on tlio screen a reduced

stippled image, c' d!, of the aiTow. On this view., therefore,

Fro. 1.

Sense-Obgans oj? Cbayhsb.

(From C. Lloyd Morgan's Animal Bioloijy. Fig. 78.)

A. .Joints near the end of the outer hmb (exopodite) of the antonnule,

showing tactile setio at a, and olfactory setro at h.

B. Tactile setro—a. from tho tip of the inner limb (ondopodite) ot tlie

antennule ; h. from a tutt on the antennulary protopodite on the

base of the antennule. Drawn under the microscope.

C. Olfactory seta3—a. from the side ; h. from above. Drawn under the

microscope.

D. Auditory setm from the auditory sac, which lies in tho basal joint of

the antennule. Drawn under the microscope, s. Grain of sand.

E. Portion of section of eye. b. m. Basilar membrane ; co. corneal facet

;

cr. crystalline cone; <j.c. ganglion cells; re./, nerve fibres; re. retinula;

St. sp. striated spindle. Drawn under tho microscope.

F. Diagram to illustrate arthropod vision, a.h. Transparent rods with

pigment between; c.d. object ; c'.d'. its image on the screen e. f.
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the so-called compound eye does not give a number of

images of the object, but a single stippled image, or imago

in mosaic.

A few words were said, in conclusion, concerning the

sensorium and nervous system in insects. The brain of the

D.

("'Ti'- mx.. Itij-

Fio. 2.

Bbain and Nreve-Chain of Cookkoaoii.

(From C. Lloyd Morgan's Animal Biology. Fig. 82.)

A. B. C. Head of cockroach oponod so as to expose the brain : A. from

the front; B. from the side ; 0. from above (after E. T. Newton).

D. Nerve-chain, removed from the ventral region of the cockroach.

a)i. Antennary nerve ; an. I. antennary lobe ; a. stij. anterior stomato-

gastric ganglion ; con. commissure to thoracic ganglia
; f.g. frontal

ganglion ; /(. s. hemisphere of brain ; la. labial nerve ; lb. nerve to

labrum ; mn. mandibular nerve ; mx. maxillary nerve ; n. w. s. nerve

to white spot ; op. optic nerve ; p. stg. posterior stomato-gastrio

ganglion ; r.n. recurrent nerve ; «. a:, sub-oesophagoal ganglion. The

gullet is darkly shaded.

cockroach is shown in Fig. 2, from the writer's Animal

Biology, by permission of Messrs Rivington.

Note.—For a short popular account of the senses and sense-organs of

insects, the reader is referred to an article on The Honey Bee, in the

current (August) number of Murray's Magazine.
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CONSISTING OF A HUMAN SCALP ANT) PACE.

By EDWARD WILLIAM PHIBBS.

PROBABLY not more tlian three or four specimens of

this exhibit have been seen in this country,—at least

not more than three are recorded, two of which, however,

are open to the saspicion of being identical,—a rarity whicli

may be attributed to their being regarded as sacred, and

therefore only obtainable under something like false pre-

tence or cajolery.

The first public reference to ono of these strange heads

appears m a paper m ' The Transactions of the Ethno-

logical Society " of London, vol. ii. 1863, consisting of a

translation of a document written by Don Perro, Chilian

Consul from Ecuador, by Mr. W. Bollacrt, F.R.G.S., in

which it is stated the natives of Ecuador after a war select

the heads of their bravest victims, empty the skulls of their

contents, and thou by inserting a hot stone the skin be-

comes dessicated, and the whole equally reduced to minia-

ture dimension. That, however, is only as he understood

it and he admits he may have misunderstood the process.

1S3
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When the head is thus prepared, the tribe is called together

before the expiry of nine days after the Iig-ht, othei'wise

the spirits of the killed Jivaros would not be satisfied, nor

could the head bo deified. On the tenth day a feast is held,

and the natives, both men and women, dressed in holiday

grandeur, surround the priest, while he in groat state goes

through the ceremony of making a holy oi'aclo. After giv-

ing a minute description of this ceremony, which need not

be here repeated, the writer adds :
" Tt sometimes happens

that, being hai-d pressed by the enemy, tlioy have not time

or opportuTuty to cut off the head of a fallen foe; in this

case the ceremony is performed upon the head of a sow,

which is adored as if it were an idol hiead." But as no such

head has been seen or mentioned elsewhere, this statement

may be only hearsay.

The specimen thus referred to was shown in the Inter-

national Exhibition of 1H02, in the Jilcuador court, and was
the second instance witnessed in England. "Wo were told it

was stolen from a small temple on the river Patassa, and
that it was worn in battle as a charm. Professor Owen
" thought it had been reduced by tanning the skin " ; and
Mr. Bollaci't adds, " It struck me that it might have been

shrunk and dried over a fire on a mould of clay." Othei-s

again have suggested slow drying by hot sand ; but none of

these processes can be accepted without hesitation, they

being more or less inconsistent with our experience. Mr.
Frank IJuckland, the best taxidermist of iiis day, remarks
on this matter: "I must confess that a great deal of dex-

terity and ingenious manipulation has been employed in a

manner of which I am sorry to say I am at present igno-

rant."

I am indebted to Dr. Alfred Pullar for the loan of the

specimen before us, which was sent to him by his relative
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I'osiding near Bcaador. Wc may bi'icfly describe it as a

Imman head shrunk to about tlie size of a large orange

without causing any distortion or disproportion of a feature

;

eyelids and month closed; hair about twenty-four inches

long, intensely black, falling in graceful waves, and singu-

larly beautiful in quality, hue, and brightness ; skin very

(lark brown and hard, feeling like dried leather; a cord

made of several cotton strands slightly twisted passes twice

throu"-!!, the lips, tying them together, the ends then plaited

hauf d(jwn about cightoon inches ; anotlier cord is fastened

to the top of the head for the purpose of suspension.

It is further stated that when this oracle has to be con-

sulted, the priest first drugs the inquirer with some nar-

cotic, and then, taking away the cords that seal the lips,

places his ear to the mouth, and after listening repeats the

answer imparted to him.

To canonize the head of an enemy intentionally killed is

surely a strange freak in, psychical phenomena !

Measured by comparison with their surrounding races,

the Jivaros arc a remarkable people. Velasco, the liistorian

of Quito, speaks of them as bi'ave, astute, warlike, muscular,

and hospitable. Having a history of more tlian three cen-

turies' duration, and having retained their independence

whilst their neighbours were subjugated by the Spaniards,

their strong individuality is obvious. Some of those inde-

pendent characteristics may however owe gomotliing to the

fact of the country being very mountainous.

Unliko the head before us, the one mentioned by Mr.

Buckland was painted in colours. Perhaps this arises from

difference in the customs of the various tribes of which the

Jivaros are composed.



It €)txmB.

By G. M. smith, M.R.C.S., L.R.C.P.

(Abstract.)

rjlO illustrate the moaning of tho word "germ" two
-*- examples were given, viz. . (1) The fermentation of

wort by beer-yeast, and formation by tho small cellular

structure, tho yeast-plant, of alcohol and carbonic acid;

(2) The disease known as splenic fever amongst cattle,

which has boon shown by Pasteur to be due to a small rod-

like body, called tho Hacillus anthracis. It is now known
that many diseases, and most of the phenomena of decay,

decomposition, and other important chemical changes, are

initiated by these small organisms. They ai'O almost uni-

versal, existing in air, earth, and water ; they possess great

powers of reproduction, and are difficult to destroy. The
methods of investigation employed are : (1) powerful micro-

scopes and appropriate staining agents
; (2) cultivating

them in nutrient jolly, and getting them in a pure con-

dition (apparatus shown for this purpose, including steril-

izing chambers, steaming can, plate, and test-tube arrange-

ments, etc.)
; and (.3) proving their effects by injecting

them into animals. Under tho last division wo havo to

ascertain to what extent they are tho cause, concomitant, or

consequence of disease.

Specimens of growing Anthrax, Bacillus Violaccus, Micro-

coccus prodigiosus, etc., were shown ; also microscopic slides

of cholera bacillus, the germ of mouse Septicaimia, etc., etc.



By WILLIAM PHILLIPS MENDHAM, Associate of the

Society of Telegkaph-Engineees and Electricians.

(Abstract.)

OWING to tlio extreme mobility of the particles of dust

with wliioli our atmosphere is laden, it is a very easy

matter to displace them, as they are susceptible to very

gentle currents of air, but if left to themselves will, under

certain conditions, quietly settle till again disturbed ; they

may also be destroyed by burning.

A beam from a lantern reveals the presence of these

particles, and if a hot flame or a heated body be hold be-

neath the beam, a black space is produced across the beam,

owing to their combustion by the flame and displacement by

the ascending current of hot air from the heated body.

The most probable explanation of this behaviour of the

dust-laden air seems to be that the air immediately above

the source of heat becomes rarefied, and hence rises more

quickly than that air without its influence. The dust parti-

cles are not able to rise so quickly as the rarefied air which

contained them, and are consequently loft behind.
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As an upward stream of hot air is capable of displacing

the particles, so can thoy be displaced by introdacing into

their midst a gas- so prepared that in it suspended particles

do not exist. O-xygcn and ordinary coal gas produce the

black space equally well as a stream of hot air.

It is well known that if the- air in a room bo left to itself

for a time, and no currents or draughts of air bo allowed to

enter, the dust in the air of that room will quietly settle

down on the articles of furniture and even upon the walls.

So that could we, without disturbing in any way tlie con-

fined air, shoot a beam of light across the room, instead of

the track of that beam being rendered visible by the float-

ing dust, the beam would only be seen where it fell on the

opposite side.

Professor Tyndall, while engaged in his researches on

Disease Germs, was by means of the luminous beam able to

prove that towards the end of an oxpiratiom of air from the

lungs, the air expired was entirely free from suspended

matter, the lungs acting as filter's holding back all particles

of dust inhaled. By breathing through a tube across the

track of a beam, he noticed that tlie beam appeared as

pierced by an intensely black liole, which was formed by the

deeper air from his 1 ungs.

Absolute freedom from dust is not only obtained by means
already mentioned, but it has been demonstrated experi-

mentally that any hot body is surrounded by a film of air

which is absolutely free from dust, and this hot body pro-

duces an ascending dust- free stream of air..

The displacement of the dust particles is most probably

due to the same cause that produced a similar effect in

the beam,—namely, the rarefaction of the air immediately

surrounding the body, the dust particles preferring to lag

behind and enjoy the close company of their follows in
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the denser atmospliorc, than to rise in the ascending

current.

Very interesting is it to note that tlio converse of what

has jast been mentioaed as taking pllaee with regard to a

hot body is true with regard to a cold body. To Lord

liayleigh is due the discovery that from a cold body a

stream of dnst-freo air descends. Both tliese jihcnomena

can be shown by means of the lantern in front of which a

glass chamber filled with smoke has been placed. A length

of platinum wii'e (placed on the base of the chamber) is

I'endered incandescent by the passage of an electric current

supplying a source of heat for the' first experiment ; and in

the second experiment iced water is passed through a metal

tube against the uppermost side of the chamber alrca-dy

tilled with lieated smoke.

There is another process to which, smoke and dust can be

sabjocted with a view to their condetisation or deposition,

a process differing entirely from those already alluded to.

Between thirty and forty years- ago an observer noted

what he termed the- "perfectly rttagical effect" produced

by an electrical discharge taking place in a body of smoke'

confined within a bell jar. He describes his jar as resting

in water in order to exclude the disturbing action of the

outside air, and he allowed small (|aautities of smoke to

onter through the top. Upon his electrical machine being

started, immediate condensation of the' smoke occurred.

Hero the matter seemed to drop; M. Gnitard does not

appear to have made any farther investigation as to the

practical utility of his discovery for condensing objection-

able and waste smoke or fame. This experiment can be

performed more easily by an electrical machine such as that

desi'med by Mr. Wimshurst, than with the appliances which

were at M. Guiisard's command. If a pointed wire be led
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from one electrode of the electrical machine (the other elec-

trode being put to earth) to a volume of smoke as it issues

from a small model furnace, the smoke is simply forced

again down the flue, while the effect produced by presenting

a collection of points is to condense the smoke.

If smoke bo confined within a bell jar, the effect of an

electrical discharge upon it can be the better observed as

the smoko is in a state of perfect equilibrium, and the result

of any stress sot up in its midst is at onco apparent.

If an electrical discharge bo made to take place within

the bell jar, the confined smoke becomes greatly agitated,

finally disappearing, leaving a thin white film covering

the whole of the interior of the jar and the electrodes. A
precisely similar eii'eot is observed if the discharge be made

upon smoke in motion, for which, experiment the smoke

may be generated in a temporary furnace connected by

means of a short flue to a glass compartment in which the

electrodes are placed. The smoko may be generated by

placing liquor ammonias in doso proximity to burning sul-

phur or by burning 7-inc filings.

As to the utility of the remarkable property which an

electrostatic discharge possesses over a smoke and dust-

laden atmosphere, it is perhaps too early to speak ; but it

has been applied on a largo scale at some lead works in

this country, and has met with some degree of success.

It has hitherto been the custom at some works to lead

the fumo through miles of flue, in order to arrest and de-

posit the fine particles of sulphide of lead of which it is

mainly composed, and it has been thought by some that

could an electric discharge be brought to bear upon the

fume, the deposition would be effected in a less expensive

and at the same time more expeditious manner.

Various devices have been hitherto adopted to arrest the
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fume. In some works tlio fumo is lod tlirongli chambers
specially constructed for tho purpose, upon tlio floors of

which water is allowed to stand. Other plans have been
adopted, among thom that of using woollen bags through
which the fumo is blown and by them arrested. Where the

ofEect of tho electrical discharge has been tried, the inlet of

the chamber into which the fume has been led has been

surrounded by points for the rapid dischai'go of electricity

upon the smoke as it entered.

It is a question still to bo solved, as to liow far tho

phonomonon which is tho subject of this paper will bo ap-

plied to tho requirements of every-day life.

In flour mills, where inflammability of tho fine dust is a

direct source of danger, the application of such an apparatus
might bo of considerable benefit. Again, whore such dusty
work as chaff-cutting is carried on close to warehouses or

dwellings, it might bo of advantage to use the electrical

discharge for condensing or throwing down the particles of

dust.



CIjc '^bnsixal Jformiitioir ai the €nrllj.

By S. W. TYACK.

FROM times of remote antiquity wild speoulntions con-

cerning the origin and physical form of the earth

have been handed down to us, through Hindoo poetry,

Egyptian lueroglyphic, and a hundred other channels
;
those

all showing that i.bo ancient idea was that the earth was

flat, or almost so. Careful invcstigatiou pi-ovod, however,

to unbiassed minds the fact, now never called in ([uostion,

that our world is spherical.

The nebular hypothesis of Laplace (M6ca,nique G(Uesto,

1799) wa,s the first and most successful attempt to explain

the actions which called the earth into being. According

to his theory, our planet, together with the other members

of the solar system, was originally part of the sun, then

existing as a huge mass of highly heated vapour revolving

with enormous rapidity about its axis. Portions of its

gaseous substance it flung off from itself by centrifugal

force, and these, under the attractive influence of their

parent mass, commenced to circle round it as satellites.

This theory is now in the main accepted, though it is con-

sidered probable that the eai-th. was not in a gaseous, but

liquid condition when it began its separate existence.
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Thoro are many indications of tlio probable fluidity of the

globe at one time—the appearance of some geological strata,

natural crystalline formations, the estimated present tem-

perature of the earth's interior,—those may bo taken as

oxamplos. And accepting this, it may be experimentally

demonstrated that a liquid mass would assume the oblate

spheroidal form taken by the earth when subjected to the

forces which acted on the bitter. Li(]uid masses when freed

from the action of the earth's force, form themselves into

spheres on account of the mutual attraction, existing be-

tween the particles of which they consist, as the sphere is

the figure which will give the least possible average inter-

molecular distance. Oil suspended in a mixture of alcohol

and water of its own specific gravity can be used to show

this. To complete the imitation of the formation of such a

spheroid as the earth, the spherical oil-globulo should be

rotated, when it will flatten in a direction perpendicular to

the axis of rotation, in obedience to the first law of mot-ion

as enunciated by Newton. If a very rapid rotatory motion

bo communicated to the globule, portions will be flung off

(a,s lj,'ipla,(K! supposed did happen in the case of the sun)

and will form smaller globules.

Various stages of formation by a process similar to that

which produced our earth are exhibited in the other planets

of our system, and fi'oin tluise it is apparent that the polar

flattening varies with the rate of rotation and the greater

or less plasticity of the masses (as can be further shown

by experiment).

From the amount of the earth's compression (^y^^ of its

equatorial diameter), it has been attempted to estimate its

age. Its rate of revolution is decreasing, probably owing

to tidal friction. Supposing that this has remained con-

stant, then 1,000,000,000 years ago it was revolving on its
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axis at double its present speed (Adams). If the earth

consolidated at or before this time, its ellipticity ra.ust have

been at least ^^^, and therefore its solidification took place

at a considerably later date (Thomson). Darwin, however,

states that sub-aerial denudation renders this method of

estimation unreliable. From the law of cooling, 10,000,000

years has been calculated to bo the time elapsed since the

consolidation of the earth's surface (Thomson). Darwin

objects to this also, inasmuch as, according to him, tidal

friction will have generated sufficient heat to materially

augment the length of time taken by the earth to reach its

present temperature.



#it Cnkitr-lltiihicss.

By F\iov. W. IIAMSAY, Ph.D.

(Abstract.)

IT liiia been supf^njskid as a possible explanation of the

inability of certain persons correctly to distinguish

certain colours, that it is only recently that the human race

has acquired an appreciation of colour ; and Mr. Gladstone,

to whom, I believe this remarkable theory is due, quotes the

ancient Greeks as an instance of this curious lack of per-

ception, stating in support of his view that theii- nomen-

clature for colour is defective ; that one and the same word

was used to express whatnow-a-days people regard as totally

distinct colour-pei'ceptions. But Mr. Gladstone confuses

two wholly different things : the ability to perceive and the

power of naming. The Celtic languages have even now no

distinguishing names for blue and grey, the same word

serves for both. ; but yet it is absolutely certain that Celts

know these colours, as is proved by their capacity of dis-

ilnguishing between them, and of naming them as soon as

they learn a language in which each has a separate name.

It might as well be doubted that the sense of smell of the

whole human race is imperfect because it is ail but impos-

sible to describe smells, and that purely for lack of nomen-

clature.
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lOG ON COLOUR-BLINDNESS.

The usual explanation of tho inabiHI;y of certai'n persons

to distinguish certain colours is based on the assumption

that the human eye is sensitive to throe and only three

colours, which are therefore named " primary." Regarding-

the actual colours to be considered as primary there has

been some dispute. But if this theory is accepted, its ex-

pounders explain colour-blindness by the theory that colour-

blind persons are wanting in the ability to per'oeivo some

one of these primary colours.

Now there is absolutely no physiological basis for the

assertion that the eye is sensitive to three colours, and that

all others are compounded of these three. If it bo true,

then perception by the eye is an exception to all other

methods of receiving external impressions. 'JMio ear is

sensitive to vibrations of the auditory nerve produced by the

impact of air-waves. The skin is sensitive to heat vibra-

tions. It has been pointed out by the author in a, paper

published in the Proceedings of this Society some years ago,

that in all probability the sense of smell is due to vibrations

of the olfactory nerves ; and Professor Haycraft has recently

speculated on a similar cause for taste impressions. Now

we know that as to the sense of hearing there is a limit to

the number of vibrations per second detectable by the ear

;

also that some ears are more sensitive to high notes than

others, so that a, sound which impresses one person as a,

musical note is inaudible to another, whoso ears are inca-

pable of perceiving the sound of such rapid vibrations. The

skin, in its ability to perceive heat or cold, is also insensitive

to extremes of temperature ; so that a scar from a bright-

red-hot piece of iron is almost painless, and is not perceived

as heat ; nor does an extremely cold object produce a cold

sensation. In all probability, too, the inability to smell ga-

seous substances of low molecular weight is caused by the
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organs of smell being insensible to the too rapid vibrations

of tho simpler molcoiilos.

Now every possible tone between tho extreme limits of

audition can be beard by the ear. It cannot be said that all

tones arc derivable from a few fundamentals
;
for although

fundamentals may yield overtones, yet these overtones are

perceived by ua as modifying tho quality of sound (Helm-

holz) much more frequently than as tho actual tone heard

as primary.

So too evorv possible temperature between tho limits of

oar heat-perceptions is perceived by the skin ; and it is also

probable that every possible variety of smell is perceivable

as such by the olfactory nerves ; and that the smells which

we pei'oeive are not compounded from a few elementary

perceptions. We are acquainted with homologous series of

chemical compounds, in which tho smells progressively

change with progressive alteration in the molecular weights,

and yet no one smell can be declared a mixtui'c.

Reasoning from tho analogy of the othcT' senses, therefore,

it may be concluded that the optic nerve is sensitive to all

possible vibration between certain limits, and not merely to

three or four kinds of vibrations, each kind having its own

special period.

Another argument for this view may be drawn from prob-

ability. Suppose a young child to bo sensitive as regards

red to some absolutely definite number of vibrations, and to

none otlier so far as tlio colour red is ooncei-ned. Now, it is

unlikely that such a child's perception will remain sta-

tionary, for the nerve fibres will enlarge with the growth of

the body. It would therefore appear that adults sliould

have totally different colour-perceptions from children, and

I am not aware that this is the case ; I should certainly

deny it as regards myself. It might be well, however, to
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sets the limits of vision of children more completely than

has yet been attempted.

Two cases of colonr-blindness have fallen under my notice,

and although it would be improper to rest a theory on such

a very limited basis, yet observations, so far as they go, sup-

port the explanation stated.

The first case is that of a gentleman who could not name

any colour but blue. On being given an assortment of

coloured wafers to arrange, he first singled out all blue ones

and also a number of pink wafers, saying that these were all

blue. The others he arranged, without any reference to

colour, in an order which appeared to him to represent

difference of shade ; dark chocolate, red, and green being

placed indiscriminately in one class, orange and light green

wafers forming another, yellow and light grey a third, and

white the last. To all appearance these colours struck his

eye as more or less dark shades of grey. In monochromatic

sodium light he arranged the colours in the same way, and

said that to him they presented no change of . appearance.

He was incapable of distinguishing any colour in polarised

lifht, and indeed denied that there was any difference in

intensity of shade. Now to a normal eye, blue appears

darker. I.e., less illuminated than yellow; but of course it

is difficult to compare the relative shades of two wholly

different colours. This gentleman was able to perceive light

at the violet end of the spectrum where a normal eye could

see nothing; and his vision was much restricted at the red

end. Ho could see a solution of sulphate of quinine in gas-

light as coloured, and named it blue ; by an ordinary eye

the solution cannot be distinguished from water in artificial

light.

The other case which I examined was a more usual one.

The subject was unable to distinguish green from red. It
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appeared, however, that a I'od object hold close to the eye

was recognised as coloured, but at a distance the shade was

simply dark. It matched with a deep grey. I think that

this eye saw red at a distance merely as non-illuminated,

and that a red object among green was invisible, simply

owing to its appearing dark and like the deep shadows of

the green. I had no opportunity of testing thi.s case with

a spectroscope.

The most striking confutation, it appears to me, of the

theory that colour-blindness is owing to tlie absence of pei'-

oeption of one or more of the so-called primary colours, is

furnished by the case of a celebrated engraver, who was

absolutely incapable of colour-perception of any kind. Now

if the perception of colour depends on the existence of three

sots of colour nerves, and if all three are inactive, it surely

folU)ws that light itself will not be perceived. But if in

such an abnormal case the eye is sensitive to light of one

period of vibration only, the effect will bo that monochro-

matic light and total colour-blindness will result.

It is, of course, always conceivable that the particular

defect which causes colour-blindness lies in the brain, and

not in the eye. Certain persons are incapable of judging

which of two musical tones is the higher, even when they

are more than an octave apart. Yet suoli persons hoai' either

tone perfectly ; the defect is not one of deafness. It must

be concluded that in such a case the brain is the defaulter.

And it may equally well bo the case that the inability to

perceive certain colours is not due to a defect in the instru-

ment of sight—the eye, but to the power of interpreting

the impressions conveyed to the brain by the optic nerve.

If this is the case, the problem is no longer a physical one,

it falls among those with which the mental physiologist has

to deal.



Jfibc WlttlxB at tljc ^^anlogital

JaljoratariT at Jinsrnff.

By J. G. GRBNFELL, M.A., F.G.S.

(Al>sl,racL)

rriHE rrenoh Government maintains several stations on
-»- its eoasts for zoological research, lloscoff, in lij-it-

tany, is one of tlieso; others are at Villefranche, near Nice,

and Banjul, at the foot of the Pyrenees. These are all

under the direction of M. Laoaze Duthiers, and are most

liberally opened to foreigners. At lloscoff the sea reti'eats

a great distance at low tide, leaving exposed rocks, loose

stones, sand, and mud. The lie do ]3atz affords protection

from the worst gales. Consequently the marine fauna there

is extraordinarily varied. Tlio lecturer described some of

the more interesting forms met with. In mud and sand

many fine Annelids were found, such as Fhascolosoma, SipMn-
culus, and Sabella. SynapUi, one of the Ilolothurians, was
abundant in sand. In rock pools many small crabs liad the

strangely metamorphosed crustacean parasite, Sacculina,

under their tails. The pretty crinoid, Gomatula, was com-

mon on a particular kind of sea-wood, which it closely

resembled. A very small worm, Gonvuluta, was iiitei-esting

because its bright green colour was due to chlorophyll, the
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green coloiirnig matter of plants. Ascidians of many kind

abounded ;
amongst these Molgula and Fhallusia wore es-

pecially fine, and GlavelUnas showed tlio reversing action of

the heart. Amongst the Mollusca fine Myas, Clams, Fectens,

and Gypr<Bas were found. Octopus and Sepia were not

uncommon. Expeditions were made by boat to isolated

rook stacks at very low tides. The fa,una licro was won-

derfully rich. Sea anemones, sponges of many kinds,

ascidians, and the hydroid polyp Lucernaria, wore foond

in extraordinary numbers; on the sea-woods were many

diatoms and live foraminifera. From tliese rocks came

also the splendid barnacle Pollicipes, which has thick, strong

valves, and lives exposed to the wildest dash of the waves.

Among the sponges was one specially fine one, Facliymatisma,

which has a sphincter muscle round each oscale.

Many interesting forms of Folyzoa wore found ;
such as

Loxosoma and PedicelUna, tho former parasitic on the tails

of the gephyrean worm Fhascolosoma. Internal parasites

were very numerous ; many Gregarines wore fcjund, one

possessed of much more active powers of locomotion than

has liitlierto been ascribed to these little creatures. A new

infusorian, a marine Urceolaria, was found. Tho Bicyemida

were abundant in tho Octopus and Sepia. The lecturer had

succeeded in killiug tlu^sc parasites beautifully, by suspend-

ing a bit of tho kidney of the molluscs in weak chromic

acid. Thus prepared they were almost entirely free from

moss of all kinds, and could bo kept for years in liquid,

and mounted in balsam at any tune.



|lc|jarts 0f liUctings.

GENERAL.

DURrNG tho past Session there have been eight General

Meetings of tho Society, all held in University

College, at 8 p.m.

On Thursday, October 7th, 188G, Dr. Burder exhibited an

apetalous variety of the wood-sorrol (Oxalis Acetosella).

Prof. Loipner showed (for Mr. F. F. Tnckott, of Frcnchay)

a white variety of the common blackberry, a single plant of

which had been found growing in an old quarry in the

neighboui'hood. He reminded tho Society that a similar

plant had been found some years ago in a field near Wins-

combe, and that during one of the botanical excursions in

1885 this plant had been seen by several members of the

Society. Prof. Sydney Young, D.Sc, read a paper on "The

Distillation of Coal, Coal l\ir, the Colouring Matters, and

other products obtained from it." Ono of tho most recently

discovered and interesting products is a substance named

Saccharin, which is about two hundred times as sweet as

sugar, has antiseptic properties, and is not poisonous.

On November 4th, Mr. Phibbs exhibited a " sacred war-

trophy " from Ecuador. Tho account of it will be found at

page 183. Prof. Leipnor gave an account of the germination

of a cactus within tho fruit, the young plant being green,

though not exposed to light. Mr. G. Munro Smith, L.ll.C.P.,

M.R.C.S., read a paper on " Germs," an abstract of which

will be found at page 186.

On December 2nd, Prof. Ramsay, Ph.D., read a letter



EEPOETS OF MEETINGS. 203

from Prof. Raphael Mcldola, secretary of an as.sociation for

promoting' tlie investigation of various plionomcna on -vvliich

widcspi'oad observations aro much needed. It was sug-

gested that members of the Society should assist in work

on the following subjects, selected from a long list:

—

(1) Electrolysis
; (2) Tidal Phenomena

; (3) Meteorology
;

(4) The Erratic Boulders of Great Britain and Ireland

;

(5) The Circulation of Underground Water; (6) Tlie Mi-

grations of Birds; and (7) The Disappearance of Native

Plants from their Original Habitats. Mr. H. Charbonnier

exhibited preserved specimens of the " Gi'cy Phalarope " and

the "Little Gull." Mr. Edward Wilson, P.G.S., showed

living specimens of the large South American land snail,

Bulimus Ohlongus. The diameter of the shell is about four

inches. Empty shells of some allied species were shown for

comparison ; and also some of the oval, white, calcareous

shells of their eggs, which ai'c about one inch long. Mr. W.

P. Mendham read a paper on " The Deposition of Smoke and

Dust by means of Electricity." An abstract of this will be

found on page 187.

On January 6th, 1887, Mr. H. Charbonnier road "Notes

on the Ileptilcs, Amphibia, and Fish of the District." This

is printed at page 138. Mr. LI. Tyack read a paper on

" The Physical Formation of the Earth." A short account

of this is printed at pago 192.

On February 3rd, Prof. Ramsay, Ph.D., read a paper on

" Colour Blindness," which will be found at page 195.

At the meeting on Miirch 3rd, Mr. Thomas W. Jacques

read some "Notes and Observations," in which he drew

attention to several points in natural history which need

elucidation, and urged all the members to record thoir

observations thereon, and to bring them before the Society

from time to time, undeterred by the common idea that
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short and, pcrliaps, disjointed records wore ont of place

and not acceptable. Dr. Burder then read a most interest-

ing communication on the " History of the Potato." This is

printed at page 16.5.

On April 2nd, Prof. Lloyd Morgan, P.G.S., read a paper

on the " Senses and Sense Organs of Insects," which will be

found at page 178.

At the last general, which wii.s ii,lso the 2.')th annual,

meeting, the Report of the Council was read by Prof.

Ramsay, the balanco-ahoet was presented, and officers for

the ensuing season were appointed. Prof. Loipnor then

read some notes by Prof. Lloyd Morgan, F.G.S., on the

following specimens from West Africa: (1) CalamoicMhys

Calaharicus, a Ganoid fish, one of the Polypteridoa, resem-

bling many of the fossil fish of tlio Old Rod Sandstone and

carboniferous rocks. (2) M-alapterurus Electricus, the

electric cat-fish, one of tlio Siluridce. In it the electric

orn-an extends over the whole body, but is thickest on tlie

abdomen. It consists of rhomboidal cells which contain a

rather firm gelatinous substance. The nerve-supply seems

to bo peculiar ;
and it is of interest to note that in tlic three

electric forma—the Torpedo, the Electric Bel {Gymnotus),

and this Electric Cat-fish—each has a different mode of

innervation for the " battery." In the first the supply is

cranial in origin, each organ receiving one brancli from the

"trigeminal" nerve, and four branches from the "vagus."

In Gymnotus the apparatus is supplied with more than two

hundred nerves, whicli are spinal in origin. In Malaptoruriis

the nerve is spinal, and consists of a single enormously

strong primitive fibre, which distributes its branches in the

electric organ. This difference of norve-supply seems to

show a diffciront origin for the elcc;trio organs, similar as

they are in ultimate structure in these different forms. (.5)
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A lai'R'o Roorpion (8. Africana). (4) A cliarnolcon ((7. vul-

garis). (5) Some largo centipedes (Scolopendra)

.

Mr. J. G. Gronfcll, M.A., F.G.S., then road a paper, entitled

" Five Weeks at the Zoological Laboratory at lloscoff," an

abstract oE whicli will be found on page 200.

ARTHUR B. PROWSB,
Honorary Reporting Secretary.

CHEMICAL AND THTSICAL SECTION.

DURING the past Session only fonr meetings of tlio

Section have been held.

Papers havo been read by the following gontlonien:

—

Dr. Richardson, Messrs. W. A. Shenstone and J. T. Cundall,

Prof. W. Ramsay, Dr. S. Young, and Mr. A. P. Chattock.

SYDNEY YOUNG, Hon. Sec

ENGINEERING SECTION.

THE inaugural meeting of this Section was held on the

21st December, 1886. Seven meetings have been

hold, and papers havo been, road by the following gentle-

men:—The President (Mr. Chai-les Richardson), Mr.

Thomas Morgans, Mr. J. W. 1. Harvey (Vice-President),

and Mr. G. W. Sutcliffo. At the 7th mooting, held on

Juno 28th, a most interesting paper was read by Mr.

Richardson, on " The Severn Tunnel," a work whicli he

originated and assisted, as joint engineer with Sir John

Hawkshaw, to carry out. To this meeting members of the

Naturalists' Society generally were invited.

NICHOLAS WATTS, Hon. Sec.
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ENTOMOLOGICAL SECTION.

rpHE usual meetings of tlio Section wore liold during the
-*- winter, with tho exception of one arranged for March
IStli, but which was prevented by tho heavy snowfall.

At the December meetings, Mi'. G. C. Gritliths exhibited a

singular little species of wasps from Florida, with, ii, group
of pitcher-shaped colls.

The Secretary exhibited a specimen of Olytiis annularis, an
Indian species, which was taken at Margate.

A very large number of species of different orders have
been exhibited at the different meetings of the Section by a

number of members, including many fine and rare species,

both British and exotic.

GI]0. HAIIDING, lion. Sec.

GEOLOGICAL SECTION.

rpHREE evening meetings of this Section have been held
-L during the past Session, when Professor 0. Lloyd
Morgan read papers: (1) On Upheaval, Us Causes and
Bffects; (2) On tho Origin of Mountain Manges; (.3) On
his recent experiments upon Tho Crushing Stress and
Weather Besistance of Local Building Slonos.

ALFRED C. PASS, Hon. Sec.

MICROSCOPICAL SECTION.
rpHE Section has met regularly during tho past winter
-L and spring. No papers have been read, but various
methods of microscopical mounting have been demonstrated.

C. K. RUDGE, lion. Sec.
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By JOEL LEAN, Assoc. M. Inst. C.E.

Bead February 2'2nd, 1888.

IN tlio neighbourhood of Bristol the Dolomitic Conglome-

rato will be found lying against the upturned edges of

the Carboniferous Limestone in nearly every case, the chief

exceptions being from Sncyd Park towards Portisliead, and

along the coast from Portisliead to Glevedon, where it lies

against the Old lied Sandstone.

The Avon, in its course from Bristol to the Severn,

runs successively through the Carboniferous Limestone, the

Old Red Sandstone, the Dolomitic Conglomerate and the

Keuper, or Red Marl, from which it emerges near Sliire-

hampton into the alluvium bordering the Severn. A peculiar

development of the Dolomitic Conglomerate is found at the

villaf>-e of Almondsbury, which is situated almost entirely

upon it, where it swells out from a narrow strip to (juito a

large area. At this place there used to bo worked a rather

fine quarry of the Conglomerate; and some fine blocks from

thence were used in tlio building of the bridge under the

South Wales Union Railway near Cattybrook Farm. Its

e:!ftremely partial and local development was peculiarly

shown in the construction of the new tunnel on the before-

207 TT
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mcntionod railway tlirongli Alraondsbury Ridgo. Tlio

distance apart of the old and new tunnels, from centre to

centre, is not much over forty feet, and between their sides

not more than twenty feet; and yet during tlio construction

of the first tunnel, the Conglomerate was not found, or at

any rate noticed to bo there, nor is it shown on the geologi-

cal section taken during its construction. It seems hardly

likely that it would thin out or suddenly disappear in such

a short distance ; and yet such has been the case, or, at any

rate, to a very great extent. It is quite possible that a

small portion may have boon passed through unnoticed in

constructing the tunnel, and may have been omitted from

the section. The Conglomerate found, however, in the new

tunnel is sixteen foot in thickness, and was amongst the

hardest of the rooks found in the tunnel, and gave the most

trouble. It is certainly most strange, therefore, that it

should have been passed through unnoticed. The top of

the Conglomerate found in the now tunnel runs nearly

level for about two hundre<l j^ards, from whence it suddenly

rises at nearly as great a dip as the Carboniferous rocks,

over the edges of which it passes. The ordy explanation

that appears probable of the absence of this Conglomerate

in the old tunnel, the bottom of which is about on a level

with the crown of the new tunnel, is, that when it makes its

sudden rise over the edges of the older rocks it comes to a

sudden end, and therefore did not rise up to the level of the

old tunnel, or at any rate was only met with slightly in its

bottom, and therefore remained undistinguishod from the

following beds of hard grit. It consisted chiefly of particles

of Millstone Grit, some of them of considerable size and

exceeding that of a man's head, together with pieces of

Carboniferous Limestone, but chiefly of a mxich smaller size.

Towards its j'unction with the Carboniferous rocks it was
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composed chiefly of fine crystals, very yellow in colour, and

which crumbled into a fine crystallized sand on being cast

out on the tip. North of Bristol, the Dolomitic Conglomer-

ate is not so largely developed, even against the Limostone

ridge running from Olvcston, via Wickwar, to Chipping

Sodbury
; and is only found in small detached portions, ex-

cepting near Tliorrdjury, whore there is a considerable area

lying partly against the Old lied Sandstone, and partly

against the Carboniferous Limestone. A peculiarity here is,

that yoir have a clear way from the Severn Alluvium to the

Dolomitic Conglomerate without passing over the Keuper

Marl, and that, passing in a south-easterly direction, the

strata alternate from Dolomitic Conglomerate to Old Red
Sandstone, Dolomitic Conglomerate,, again, then Old Rod
again, from that passing on to the (carboniferous Limestone,

after which the Dolomitic Conglomerate again appears,

succeeded by the Keuper Marl.

The Dolomitic Conglomerate of our district is an eminently

local deposit. Tiiis is well seen in the road cut from the

Port and Pier Railway Station, under the Suspension

Bridge, to the Downs near Proctor's fountain, where blocks

are found of very large size, and weighing several hundred-

weight at least, showing that the source of suj)ply was

close at hand. These blocks chiefly consist of Carboniferous

Limestone and Millstone Grit, and arc embedded along with

small pebbles.

A similar instance to that of I'atchway Tunnel, before

referred to, of the sudden rise of the Dolomitic Conglomerate

from a comparatively horizontal, position to a steep rise, is

shown in the section of the Severn Tunnel, published in the

last volume of the Proceedings of the Bristol Naturalists'

Society. There it is first met with at the bottom of No. 2

shaft, whence it passes, with a slight undulation about half
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the distance towards No. 3 shaft, forming nearly the bottom

of the tunnel for about that distance ; it then takes a quick

rise over the Carboniferous rocks to No. 3 shaft, where

it was found about twenty-six foot in thickness, afterwards

tliinning out to four feet at No. 4 shaft, on. the Monmouth-

shij-o shore of the Severn. This is very similar to Patch-

way Tunnel, although it was not found to disappear in so

short a distance, but shows the erratic manner in whicsh the

deposit was formed. It again appears above low-water mark

on the edge of the shoots, forming what is called the " ]jady

Bench." It would, be interesting to know to what extent it

is developed between that point and Almondsbury Eidge.

South of Bristol, the Dolomitic Conglomerate is found

much more general than to the north, forming an almost

complete fringe to the Limestone rocks of the M.on.di])

Hills. The road from Bristol to Congresbury, between

Flax-Bourton and the latter place, runs for the greater i)aT-l,

of its length through the Conglomerate, which fringes the

border of Backwell Hill and Wrington Warren. From near

Congresbury it takes an almost easterly direction, through

Wrington to Red Hill, whence it takes a nortli-oasterly

direction to Winford, where it ends, forming nearly a

complete circuit round the spur, the only exception being

between Winford and IJari'ow (xurnoy, whore the lower lias

clay runs directly upon the Mountain Ijimestone, forming a

kind of bay.

The most extensive development of the (Jouglomorate in

the neighbourhood, of Bristol is, however, round the main

Limestone range of the Mendips, where, starting from East

Harptree to the north of the range, it is possible to follow,

almost without losing sight of it, in a north-westerly direc-

tion to Sandford near Banwell ; and afterwards in a south-

easterly direction from thence, via Axbridge and Cheddar, to
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Wells and Slioj)toii Mallet, a (lisiaiicc of about twenty-live

miles, keeping on the Conglomerate nearly the whole of the

distance, without once leaving it. A curious instance of

the way in which the Dolomitic Conglomerate follows the

range of the Mountain Limestone, is shown at what is known
as the Shut-shelve, between Winscomhe and Axhridgo,

where the spu.r, running out from Cheddar to Compton

Bisliop, which has an average width of about a mile, narrows

suddenly on the south side to a width of scarcely a tenth

of that, and is followed almost completely round by the

('onglomoi-ato on both sides of the ridge. Between Sand-

ford (up to which point the Limestone ridge from the direc-

tion of West Harptree follows a north-westerly direction)

and Winscombe there is a gap of about a mile and a half to

the soutli, during which the Sandford spur returns again in

the direction of West Harptree, with an average width of

little more than half a mile for a distance of about six miles,

returning again to the Shnt-shelve, having performed a

circuit of about twelve miles, although the extreme distance

between the points is only the mile and a half before stated.

The Limestone in this inlet is protected from the following

up of the Dolomitic Conglomerate, which bridges over tiie

gap of one and a half miles between Sandford Hill and the

Shut-shelve, spreading out in the direction of the inlet for

about hali' the distance, where it lies against the Old lied

Sandstone, which completely tills up the remainder of the

inlet in the Limestone, and forming what is known as Black

Down. One of the small gaps left in tlio circuit of the main

Limestone ridge of the Mendips referred to, is at the Cheddar

Cliffs gorge, where a gap is left, by the thinning out of the

deposit, of about a quarter of a mile, through which the

Mountain Ijimestone runs directly into the Rod Mar], on

which Ihe town of Cheddar stands.
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Tlio next consi<]oriiblo aroa of tlic Conglomorato in a south-

oastorly direction, is between Draycott and Wookoy. It

lies between the Glieddar Valley Railway and tlio Mondips,

the lino in no case touching it, but runniiig through the lied

Marl until near Lodge Hill station, whore it runs through

a sudden spur, again leaving it for the lied Marl towards

Wells. At Draycott there ia rather a fine quarry of the

Dolomitic Conglomorato, from which some capital building

stone is obtainable, and of which the front of the Bristol

Joint Station and other works in connection therewith

were built, and which is said to withstand the Bristol

acids better than most of the stono used in the buildings

of Bristol. Many of the buildings on the Cheddar Valley

Eailway are also built of the same material. Near Dray-

cott are three or four peculiar isolated pieces of Mountain

Limestone, standing together in a group, more than a mile

away from the main body, in the midst of the river Axe

Alluvium, and which are also nearly, if not quite, sur-

rounded by a belt of Dolomitic Conglomerate. The railway

runs through the mid-distance between them and the Con-

glomerate fringing the main body of the 1/imestone range.

There are also peculiar small isolated j)ortions of Ijimostono

at Lodge Hill and near Wookey, although they stand in the

midst of Red Marl, and not, as in the case at Draycott, in

the midst of Alluvium. There is a narrow strip of Dolomitic

Ooiiglomei-ato near the eastern edge of that at Ijodge Hill,

but none near Wookoy, althougli in the latter case it stands

very near the edge of the Conglomerate running out from

the main body near Ijodge Hill Station.

There is a large extent of Dolomitic Conglomerate near

Chilcompton and Stratton-on-the-ITosse, on the northern side

of the Mendip range, measuring about three miles in length

from east to west, and one and a half mile in breadth from



DOLOMTTIO CONGLOMERATE OF BRISTOL. 213

nortli to sontli. At, tlie soiitli-western end of thin track,

near Binoga,r, tho Mountain Limestone and tlio Coal-measures

are separated l)y a narrow nock of Conglomerate, less than a

quarter of a mile across, wlii(;h is also divided again I'rom a

spur by a narrow strip of Millstone Grit, which also helps

to bridge over, at this point, the space between the Coal-,

measures and tho Limestone.

The Bath and. Bvercreech .Railway, between Chilcompton

and Binegar, runs through, the Conglomerate for about two

miles ; and some very good sections are laid bare in some

of tho cuttings, ]iarticularly near tho bridge on tho road

from Wells to Chilcompton. As far as the author remem-

bers, there were no boulders found in these cuttings ; but

the Conglomerate was composed of pebbles u]) to about two

inches in length, cemented together very closely, and very

dark in colour. Although the before-named railway crosses

the Mendips very near their highest point, this was the

only Conglomerate passed tlirough in its entire length of

twenty-six miles, and it almost escaped altogether, only

I)assing along the north-west edge of the strata. It

is wortliy of note that this railway throughout, although

I'ising upwards of 7U0 feet over tho Mendips, passed lor

twenty-one miles through Oolitic and Triassic strata.

A friend of the author's recently, in buihling a house

near the foot of Worleberry Hill, on the south side of it,

at Weston-super-Mare, in excavating a site for a stable

through what was expected to have been Limestone, came

upon a ca])ital bod of Dolomitic Conglomerate of the Cleve-

(ton ty])0, from wliich he had the house built, instead of

from tho Mountain Limestone, as had been intended. The

Coiigioniei-ato is very light in colour, and, at a distance,

the house has the a])])oarance of being l)uilt of the Inferior

Oolite.
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At Molls, wliicli is now a station on tlie Bristol and

Radstock and Fromo Branch, wo llnd rather a curious

devolopment. The Dolomitic Conglomerate lies partly

against the Millstone Grit and partly against tlic Mountain

Limestone, where the Millstone Grit thins out and disappears,

.but the Conglomerate is succeeded to the north by the In-

ferior Oolite, which lies directly against it. This Inferior

Oolite is an extension of the same formation which caps the

hills on both sides of the valley through which the before-

mentioned Bath and Evercreech Eailway runs, and which it

follows all the way from Bath to Badstock, tlio Oolite IVom

thence taking the direction of Mells, where it abuts against

the Dolomitic Conglomerate referred to.

The salinity of the waters of tlie old 'I'l-iassic. lake in whicii

the Keuper Marls succeeding the Dolouutic Conglomerate

were deposited, is shown by the occasional j)seudo-morphs

of salt (as at Aust ClitF), and by the interstratified bands of

Gypsum. By referring to the section of the new tunnel

through Almondsbury ridgo, it will be seen that beds ol

Gypsum were rather extensively found throughout the Rod

Marl, up to four inches in tliickncss, but disapi)earii

approaching the Dolomitic Conglomerate. The Gypsum beds

were considered so extensive that overtures were made, by

a local mining prospector, to the railway company for per-

mission to work them, and also to sort that already brought

to the surface ; but, alter the terms wore n,greed upon, the

matter fell through, owing probably to the adventurer (as

they are called in Cornwall) not finding the market he ex-

pected for the proceeds, or that, after maturor consideration,

the prospects of finding a remunerative percentage of the

mineral did not seem so good as at first sight.

A strongly marked and violent unconformability presents

itself everywhere between the Triassio deposits and the
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older formatioiiH on whieh thoy rest. Tlie nncoiiformability

of the I'ormian upon the Carboniferous, althoiigh well

marked, cannot be said to be violent ; for, as a rule, the

Permian strata have tlie same, or approximately the same,

dip as the Carboniferous when the two formations occur

together. But the Triassic strata bear no sucli relation to

the formation immediately preceding thorn. All the pahwo-

Koic strata had been upheaved, dislocated, metamorphosed,

and extensively denuded before the Triassic deposits began

to be laid down. These latter circle round the outskirts of

the present high grounds of Wales arid the North, and South-

west of England, and overlap the (Carboniferous strata in

such a way as to lead to the inference that the configuration

of Wales, and Northern, Central, and South-west England in

Triassic times had oven then assumed much of its present

appearance.
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By Col. ARTHUJl M. JONES.

T HAVJt) bcon nwkcd to furnish a low iiotoH on tlio

-*- Varieties of Ferns known to have been found in " tlio

Bristol District," and to add some remarks on varieties ol

ferns generally, and more esyjecially on their classification,

it being now gonorally accepted that tho varieties of ferns

range themselves naturally in certain groups.

Tho list produced does not profess to be in any way ex-

haustive, it comprises simply tlio varieties that have come

under my own notice, and it is supplied in the hope that it

may be the means of bringing to light many unrecorded

discoveries, so that eventually a complete list of the ferns

of the district may bo compiled. In the subjoined, list the

species aro taken merely in the order in which they wouhl

appear to have been most productive of varieties ;

SCOLOI'ENDinUM VUI.GAKK.

Var. Crispum. Four plants of this variety were found

many years since by Dr. F. Brittan near Hanham,

on the opposite side of the river Avon, and Mr.

Sherring has recently reported that a young plant

was found in a wood near Hallatrow.

210
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Var. Coniutiim (Loijmcr), an uiii(;[UG fom, found some

3'eai-s aiiice on a wall at ]jong Ashton, by Mr. A.

Leipuer, and described by liim as being undulate

with cronato margins, and witJi the last half-inch

of the midrib leaving the plane of the frond and

proj'ecting horn-like from its upper surface.

Var. Peraferons. This remarkable form, in which the

frond is truncate, terminating in a distinct jiouch

at the back of the frond, while the midrib is pro-

longed for an inch or so, like a horn, was found by

myself in considerable qunntitles in a wood at

I'ortishead, and is no doubt still to be found there
;

four plants of the same variety were also found by

me at Westbury-on-Trym.

Var. Undulatum. A good form of this variety was

found by Mr. G-. B. WoUaston, near Pill, about ten

years ago.

Var. Fissum. An unusually good form was found by

mo in Leigh Woods about twelve years ago ; also

a vei-y good form, about the same time, at W^est-

bury-on-Trym.

Var. Variabiio. Unusually good forms of this very ]>ecn-

liar variety have been found at Wostbury-on-Trym.

Var. Laciniatum, more than once in the same neighbour-

hood.

Var. Multifidum. Many fine forms of this have been

found at Westbury-on-Trym, Portishead, and other

places.

Var. Marginatum. A good form of this was found by

mo in company with Mr. Wollaston near Pensford.

Var. Submarginatum. This has been found in some

quantity in a wood near Kingswoston and in other

places.
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Var. Siipralineatixm is rccnrdod to liavo been found

three times, at Pensford, Wraxall, and Cheddar.

Var. Ramosum was found near Olveston.

Var. Marginato-cornutum. A very fine fonn was found

near Wells, and is now in the possession of (yanon

Ellacombe.

I'OLYI'ODIUM VUIiOARE,

Var. Subcristatum was found about hftocn years since

in Leigh Woods.

Var. Semilacerum. Many good forms of this have been

found there also.

Var. Semilacerum deltoidcum. A very marked form of

this also.

Var. Variabile. This also.

Var. bifi<lum. At Portishead.

Var. bifido-furcans. At Portishead.

Lastrea uilatata.

Var. Crispato-cristatum. One of the finest crested

forms of Dilatata was found about twelve years

since beyond Pailand by Oscroft, a travelling fern-

hunter.

POLYSTICHDM ANGUl.AKK.

Var. Decompositum. Many good forms of this liavo

been found in different parts of this district.

Var Tripinnatum. A well-developed form of this I

found near Congresbury.

Var. Interruptum. Do. do.

ASI'LENIUM KUTA-MUKARIA.

Var. Tvaciniatum, found by Mr. G. B. Wollaston on St.

Vincent's Ilocks.

Var. Cristatum. Do., on the Leigh Iload.

Asi'LENIUM ADIANTUM-NIORUM.

Acute and obtuse forms have both been found.
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Cetekagh OFMCINARUM.

Var. Crenatum waa found maiiy years since at Kiugs-

weston.

Thus it will be seen that though the Bristol district can-

not be regarded as exceptionally productive in varieties, it

has contributed in an unassuming way its quota of varieties,

among wliich arc more than one that will hold a permanent

plac:0 in all good collections of British ferns. But if the

area of research were extended beyond the somewhat

arbitrary bounds which in this case geology has assigned

to it, and it were allowable to include the remainder of the

counties of Somerset and Gloucester and the county of

Monmouth, which may fairly be considered as naturally be-

longing to the district of which Bristol is the centre, some

of the most productive districts in England would come

under our notice.

TIio I^orest of Dean, and still more the county of Mon-

moutli, are rich in varieties of Scolopendrium, and par-

ticularly in the iinost form of all, crispum ; nor do I be-

lieve that I go too far in saying that Monmouthshire has

produced, nearly as many specimens of this beautiful

variety as the rest of England altogether; and as this

variety is barren, except in very rare instances (none of

which are applicable in this case), this pro(hictivoncss is

clearly due less to accident than to some local peculiarity.

Some of the Monmouthshire forms of crispum (" robus-

tum," "serratum," " fimbriatum," " latissimum," etc.) are

among the iinest of their class. Tiiis variety, owing to its

barrenness, is generally found in single plants, or two or

three together at the outside, and the discovery of half

a dozen plants by the same hunter is generally considered

the work of a life ; but by singular fortune I once found

twelve plants in one lane in Monmouthshire, and on another
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occasion seventeen plants on a bank in a different part oi

the same county, all barren. Several districts in Somersct-

Bhire (Silverton, Wiveliscombe, Chard, Frome, etc.) have

been more than ordinarily productive of this variety, and

that very distinct form, laceratum (or endivifolium), was

found at Taunton; and it was in the lower parts of the

Quantock district tliat the late Mr. Elwortliy made, many

years ago, those remarkable discoveries in Polystichum

angulare which helped to give a greatly increased interest

to the study of British ferns, and subsequently Mr. (i. .15.

Wollaston, Mr. Padley, Dr. Wills, and myself found many

fine and distinct varieties in the same district. Nor"may it

perhaps be without interest to bear in mind that it was in

this same district, wluch formed Mr. p]lworthy's happy hunt-

ing ground, tliat Mr. (xeorge Perceval made his remarkable

discovery of Devonian corals, not less beautiful than geologi-

cally interesting. It would thus seem to bo proved that the

affinity between this part of Somerset with South Devon,

where so many of the finer forms of P. angulare have

been found, is not superficial. Nor in.ny it be unworthy

of notice also that that energetic discoverer Mr. W. H.

Phillips, of Belfast, has proved by his researches that a

certain marked botanical affinity exists between the soutli-

west of England and Ireland, the north more especially.

There are certain marked forms of P. angulare, of which

single plants had been found in the west of England, and

which, having, after very exhaustive researches, never been

found in any other part of England, had long been classed

among the forms peculiar to the south-west; yet after all

this had long been comfortably settled, Mr. Phillips turns

up with liis inconvenient discoveries and unsettles every-

thing ;
if there were two ferns which had earned the

character of having been entirely unique, those ferns were
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P. angulare rotmidatiun of Elwortliy, a Somerset form, and

P. anjr. acrocladon, found by Mr. Mapplebeck iti South

Devon; Mr. Phillips produces unmistakable counterparts

of both in Ireland ;
another most rare and marked form,

P. ang. brachiato-cristatum, which long experience had

seemed to have proved conclusively to bo peculiar to the

south of England, Mr. Phillips also finds in the north of

Ireland. It was exactly the same with another rare and

beautiful form, " cunoato-setosum," of which only two plants

had ever before been found, one by Mr. Moly, the other by

Mr. Gr. B. Wollaston, and both in the south-west of England.

Also the very extreme form of P. ang. grandiceps (of which

two plants, apparently identical, had been found by different

people in different parts of Ireland), was found more than

once by Mr. J. Moly in Devon. The grand form of P. ang.

polydactylum, found by the Rev. 0. Padley in the Vale of

Avoca, was long considered an miiquo plant, until I found,

in the south of England, one so closely resembling it, that

the seedlings of the two plants are often scarcely, if at all,

distinguishable. As other instances of the rediscovery in

Ireland of plants previously considered in England unique,

that of Lastrea f.-mas. Barnesii deserves to be recorded ; it

is well known as one of the most distinct forms
;
yet the late

Dr. Moore, of Ulasneven, found in Co. Kerry a plant so

closely resembling it in every way that Mr. Barnes himself,

than whom a keener observer never lived, could see no

difference between the two ; and Mr. Tyerman found in Ire-

land a plant of Athyrium f.-f. plumosum (that most ladylike

of all the lady ferns), so very like the original Lancashire

plumosum, that only a very keen judge could detect a dif-

loronce. Thus Nature herself having in this, as in so many

other ways, linked Ireland to us so closely in every branch

of natural history, sliall wo not all breathe a prayer—more
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than that, resolve—that nothing shall ever sever the con-

nexion ?

As regards the classification of varieties, the following

table will show (
I
) tlie generally accepted snbdivision and (2)

the extent to which discoveries have been made up to the

present time in the more important species; and though, in

some of the species the chain of evidence is not so com-

plete, enough is already known to show that the same

principle applies, and that it is only a question of time

when all species of any importance will ring the changes

to every reasonable extent, though, iri some of tlio smaller

kinds it would not be easy to detect all the distinctions

even if it were possible for tliem to exist.

DESCllirTION OF THE CHAEAUTEllH.

Of the marked characters which are now known to run

pretty generally through the different sj)ecios of ferns, that

known as "The Plumose " is the most interesting and per-

haps the most beautiful. In its nature it corresponds

indisputably with, the double flower in phanerogamic

botany. In this class are to be found some of the most

beautiful objects in nature; anything more symmetrically

and delicately beautiful than a luxuriant plant of any of

the best forms of Athyrium f.-f. plumosum, it is imjiossiblo

to conceive, nor would it, I tliink, be easy to find, a unich

finer object than a well-grown plant of Scolopeiuirium vul-

gare crispum of the better sort—(this being the plumose

form of that species) ; and when I mention that Adiantum

Tarleyense is not a species, but simply the plumose form of

A. tenorum Ghiesbrechti, or some other kindred species, I

think I shall have said onougli. The old, very old, form of

Polypodinm vulgare Oambricum, is the plumose form of that

species. The most marked characters of this class of varieties
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are gonorally their tendency to a soft and papery texture, a

light yellowish colour, and barrenness—especially the latter.

It is this that causes the extraordinary beauty in Tar-

leyense ;—being barren, the pinnule does not fold over to

form an indusium for the sori, and the strength which

would, in the ordinary course, be expended in the produc-

tion of the sori and spores, exhausts itself in additional

luxuriance, this foliose character being generally one of the

peculiarities of this class.

By way of illustration of the other marked na,tural cha-

racters, let us take Polystichum angulare, one of the four

species in which alone all the marked characters have as yet

been known to appear ; the one m which, on the whole, these

characters have appeared in the greatest variety (its only

possible rival in this respect being Athyrium f.-foomina),

and undeniably the one in which, with the exception per-

haps of the cruciate class, they have been developed to the

greatest perfection. The natural deviation of P. angulare,

indeed, has been such as to render necessary a more com-

plex classification. This, no doubt, is mainly to be attri-

buted to P. angulare being a stipitato, or rather per-stipitate

fern, the stipitate character being preserved to its minutest

divisions, even to the third division of the lobe or pinnule.

This brings us to the next or the Divided and Decomposito

Class, which (leaving out the plumose forms, which are

also divided) includes the forms with divided lobes or

pinnules, a class disputing with the plumose the distinction

of producing the most beautiful of the varieties of Britisli

ferns. The well known proliferous form of angulare, of

which so many improved varieties have since been found

and raised, is a specimen of this class.

The Imbricate and Crispate class speaks for itself. These

forms are never beyond medium size and are generally more
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or loss dwarf, thoy aro both diatinot and pretty. The lax

and flexuose forms are just the opposite to the precedin"--

the lobes, instead of overlapping, are far apart, with a dis-

tinct tendency in the frond to assume a weeping habit; the

extreme forms of floxuosum being absurdly twisted into

knots. In this class are included also those varieties in

which either the pinnules or piniur are refloxed.

The Deltoid or Bi-achiate class includes (1) the forms in

which the frond broadens abnormally but symmetrically

towards the base ; and (2) those forms which are trinerved.

The Cruciate class is perhaps the most remarkable of all.

In the most characteristic varieties of this class the develop-

ment of the pinniE is arrested in a very complete manner

at the basal h)l)os or pinnules, and the whoh"! strength of

what should have been the pinnas being thus thrown into

them, they develop to an extent sometimes truly mar-

vel knis, assuming almost the proportion and character of

pinnEB, and crossing, present the appearance which has sug-

gested the name. In the variety Athyrium. f.-f. Victoria!

the cruciate character is shown even in the minutest divi-

sions. There is a subdivision of tliis class in which tlio

development of the pinnae is not arrested, the piimulos

only assuming a cruciate character, while retaining their

natural sine.

The Interrupted class is perhaps the one most generally

distributed, and in some of the species, and notably in Poly-

stichum angulare, it is so varied in its extravagances as to re-

quire very complicated classification. It includes, as its name

sufficiently indicates, all the varieties which are deficient in

any respect,—by thq partial or total arrest of the growtji of

the frond, pinna or ]Hinudo. The chief characteristic of this

class generally is ugliness, but there are many exceptions

in which the deficiency is so symmetrically diffused, that tho
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general appearance of the frond or plant is decidedly grace-

ful, the details being often exceedingly pretty as well as

interesting as a study of the vagaries of nature.

The only other class is the Crested or Eamose ;
this

(with the exception of the Brachiate or trinervod forms,

which require a place of their own) includes all the varieties

in which there is an abnormal repetition of parts. At

first sight it might appear that cristation, like variegation,

was a character that might run through the varieties

of all classes, and no doubt this is true to a very great

extent ; but there are numy varieties in which the redupli-

cation of parts is so pronounced a feature aa to obscure

all other characters; by general consent, therefore, it

has been long recognised as a separate class. There are

varieties which, for distinction's sake, I have named " por-

cristate," in which not only is every pinnule crested, but in

which even the minuter divisions are crested also. There

are, on the other hand, very many cases in which the

peculiar character of the frond—plumose, divided, con-

gested, crispate, lax, flexuose, cruciate, or interrupted—is

perfectly preserved, and the cresting only snper-added ; and

heroin, no doubt, lies a difficulty, but as the difficulties in

the opposite direction seem so very much greater, it has

been found better to established a " Crested Class."

It is not generally known that a few years since a

memorial to the Board of Works was signed by some of the

loading British fernists, advocating the formation of a

national collootion at Kow, and suggesting a money grant

in aid of it. The grant was made, and operations were

without delay commenced, Mr. E. J. Lowe, Mr. E. F. Pox,

and others contributing some of their choicer varieties.

The handsome bequest of the whole of his valuable collection

of British ferns recently made to Kew by the late Mr. W.
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C. Carbonell, of Usk, lias come just in time to give a spurt

to the undertaking. Hitherto it has been too often tJie case

that collections accumulated with infinite pains and skill, and

containing unique things, have on the death of the collectors

been dispersed, and thus valuable tilings have been lost for

ever. All honour therefore to Mr. Carbonell for showing

how to prevent this. Nor can it ho doubted that when, it is

generally known that a permanent home for ferns exists,

in which any rare thing will be safe and at the same time

of public use, iinders and raisers will feel a pride in giving

of their best, feeling sure that, under the present pro-

gressive and discriminating management at Kew, anything

really good will be appreciated, and that nothing accepted

will be neglected.

The time has happily passed when all botanists were con-

tent to regard the varieties of ferns as only " monsters,"

mere "gai-den varieties," etc. It has long been recognised

that, with very few exceptions, all the more marked forms

have been found wild, Nature being entirely responsible for

them. It is also beginning to be recognised that varieties

do not ajipear altogether at haphazard, but in conformity

with certain fixed laws of development or deviation to which

all species are more or less subject.

The varieties of ferns thei'eforo cannot any longer be

dismissed without attention, even if the extreme beauty of

many of them did not render this impossible. He must

indeed be wanting in some quality of sense or in knowledge

who can regard all the varieties of British ferns only as

degradations. Can it be maintained that many of them are

not in every sense higher developments, possessing with all

tlio symmetry of the normal form greater delicacy of

division and of texture, more freshness and variety of colour,

more grace of habit, often larger size, and at times an in-
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tricacy of detail or novolt-y of structure wliich interests tlie

mind not less than it attracts the eye ?

Such a collection as it may be hoped will now bo formed

at Kew, containing all that is most beautiful, rare, and

strange amongst the varieties of British ferns, would not

only be an additional attraction to any garden, but in the

not uninteresting study of the morphology of ])lants a very

practical aid. Nor should such a collection fail to excite

a special interest in this country as being illustrative of, and

at the same time a record of a branch of botany exclusively

British, and likely to remain pre-eminently so ; for whatever

discoveries in other parts of the world may be in store for

the future, it is at present the fact that in no country of

any considerable size has the natural tendency of ferns to

vary been developed to anything like the same extent as in

the British Isles.

It has been well remarked that it would seem as if Nature

had compensated for the small number of species she has

allowed us by gifting them with an unlimited power of

deviation. No doubt this power varies very much in dif-

ferent districts. No one who has really given attention to

the subject can have failed to recognise how marked are the

distinctions in this respect in our own country, some districts

being hopelessly barren of any varieties of note, while other

parts more favoured positively teem with them. How far

this may bo due to soil, how far to tdimate, or to a combina-

tion of the two, or to any other material agency, or whether

the fairies may not have a word or two to say about the

matter, I leave to others to determine. The fact however

cannot be disputed, and, being so, why should not the prin-

ciple have larger application? Let us therefore, while we

can, onj'oy the idea that in this respect wo are a iavonred

country.
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Jflani ff! lljc §miol Caal-ficltr.

1887.

By JAMES WALTER WHITE.

Draba brachycarpa, Jard. J<lrophila p-nncox, Reich.

Ijittlo lias boon done locally, or indeed in Britain,

towards separating the seventy forms of Bi-aha

verna described by M. Jordan. Many of them are

probably confined to the Continent. Three only

have places in the last edition of the London

Catalogue, namely, the type, a Scotch plant from

Bon Lawers, with inflated capsules, and E. prmeox.

The latter is a form with broad, rounded pods,

which has been observed for several years on

walls near Stono Easton, S.

Sisymbrium pannonicum, Jacq.

An alien crucifor. It was growing luxuriantly at

St. Philip's Marsh, G., in Juno, 1887.

Lepigoxnim salimxm, Fries.

Native. In fair quantity on sea-banks and muddy

shores in the Channel about Burnham and Cleve-

don, S.

229
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Saxifraga granulata, L.

Thia liaH been found by Mr. D. Fry during the

past summer at Stanton Drew, and also in the

neighbourhood of Chew Magna ; at the latter

locality in considerable abundance.

Previously the only station at whioh it was known

to exist, either in the Bristol district or in the

whole of Somersetshire, was a spot near the village

of Stanton Prior (see PL, p. 74) ; and it is interest-

ing to find that the distribution of this plant in

N. Somerset is wider that was hitherto suspected.

Taraxacum officinale, Woh. var. (i. erythrosponnum, Andrz.

This well-marked variety, which had not previously

been observed or distinguished, was found, during

the summer on wall tops, at Stanton Drew, S., and

Brandon Hill, G., by Mr. David Pi-y.

It is clearly separated from Taraxacum ajjlcinnla

])roper (var. a. Dens-leonin, Dosf.) by its dwarf

habit, more deeply pinnatiiid leaves, and also by

the colour of the fruit, which, when ripe, is a

dark, glossy, brick-red, not olive or dull yellow,

as in the typical plant and all fcho other varieties.

Cuscuta europaea, L.

Additional records. Towards the close of a July

ramble over the Wilts border that had extended

as far as the famous South Wraxall bogs, where

we had gladly seen Lysimachia ihyrsijlora by no

means " on its last legs," as had lately boon re-

ported, my companion, Mr. A. K. Buit, pointed out

as we returned by way of Bathford, a good patch

of this dodder, by the river bank, growing on

Sinapis nigra, Conium, and Oalium. Mr. Burr had
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found it also on the otlior aide of tho Avon, bolow

Batliford, and says that it occurs in sovoral places

not far apart. He remarks that it grows chiefly

on Urtica dioica, but also on a great many other

• plants besides those mentioned, namely, Sym-

phytum, Ne2)eta, AohiMea, Sparganium, Scrophularia,

and Bpilobimn hirsutum. Mr. Burr's stations are

I'ust outside our area. However, a week or two

later, specimens on the large nettle were brought

to me by Mr. J. C. House, who also had gathered

them on the river bank, but some miles lower

down, at Hanliam, Gr, It is probable, therefore,

that the Cuscuta occurs at intervals in tho Avon

valley, and may have a fairly extensive range.

Mentha. Note communicated by Mr. D. Fry.

8inco the publication in 1883 of Part III. of the

" Mora," containing the Labiatse, some important

additions to our records referring to the genus

Men tha have been made, by the discoveiy of the

following species, at the localities noted bolow.

Mentha Fiporita, Huds. S. Clcvodou. Woollard.

Worle Hill.

The Clevedon plant is var. yS. vulgaris. Sole : that

from Woollard appears intermediate between var. a.

officinalis, Hull, and var. fi, having the elongated

leaves of the former variety with tho capitate

spikes of the latter. The plant from Worle Hill

presents some marked divergences from either of

the two varieties of If. Fiperita, Huds., as at

present recognised in the British flora ; and as

several leading botanists, who have seen speci-

mens, are unable to say under what variety they
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sliould be placed, we can only refer them to M.
Piperita, Huds., as an aggregate species.

The Clevedon station has probably been destroyed

by recent alterations in the ground connected with

local improvements, which is to be regretted, as

the variety found there is a rare and interesting

one.

Mentha ruhra, Sm. This handsome Mint has been

found both in the Gloucestershire and Somerset-

shire divisions of the district, at the following

localities :

—

G. Crew>i Hole. Conham.

S. Bank of Avon, under Leigh Woods.

Congresbury. Litton.

Scilla autumnalis, L.

It is gratifying to be able to announce that the hope

expressed in the " Flora " (p. 201), that this rare

bulb might yet be re-discovered on St. Vincent's

Eocks, has been justified: Wn are indebted for

this pleasure to Mr. J. C. House, who, during a

scramble in the autumn, came upon a patch of

about a hundred plants. It was somewhat per-

plexing, however, to find that the spot was m.ade

ground, the site of ancient quarrying; but this

circumstance has been explained and accounted

for in a very interesting and satisfactory manner.

Mrs. Glennie Smith has kindly furnished infor-

mation on the matter that was conveyed to her

by Mrs. Glennie, widow of Mr. William Glennie,

who was engineer, under Brunei, of many great

works in the West of England. The account runs

as follows : When Brunei was about to commence
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the construction of the Suspension Bridge, Mrs.

^ Glennie told him that ho was going to destroy the

Clifton locality of Scilla MiiumnaUs, as it grow

just where the approach on the Gloucestershire

side was to be made. The engineer immediately

informed himself carefully of the exact spot, and

before the ground was broken he made some of his

workmen dig up the turfs containing the bulbs,

and transplant them safely beyond the reach and

influence of the works ho was about to begin,

Mrs. Glonnio could not remember if she ever knew
the place to which tho transference was made;

but it seems tolerably clear that Mr. Brunei's care

was effectual in preserving for us a choice plant,

the locality for which, when undisturbed, was

evidently of very small dimensions.

Juncus bufonius, L., var. fasciculatus, Koch.

A well-marked variety, characterized by its short

thick stem and fascicled flowers.

S. lioad-sides near Norton Malroward. Mr. D. Fry.

Juncus Gerardi, Lois.

A pretty little rush, alliod to this s])ecios, lias for

some years boon iindor observation. It grows

plentifully in a brackish marsh on sand by the

Channel shore near Borrow, between Brean and

Burnham ; and its interest depends on characters

linking it with ,/. compressus, Jacq. This summer

(1887) I have been enabled to study the latter

plant from specimens obtained near Stanton Drew,

and having also gathered typical Gerardi on the

coast of Dorset, could determine the position of

the Berrow rush with some confidence". /. Oeranli
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is a salt-marsli plant, distiiigiiiahed by a far-

creeping rkizome, panicle rather close, exceeding

its bract, and capsule narrow, strongly mucronate,

about equalling the perianth. On tho other hand,

/. compressus is found only inland,, has a tufted

rhizome, a rather loose panicle falling short of its

bract, and differs above all in the larger, rounder,

and more obtuse capsule wliich distinctly exceeds

the perianth.

The plant under notice has the rhizome of Qerardi,

and, unless hampered by other vegetation, creeps

straight ahead in a direct line, putting up stems

at regular remote intervals. It agrees with that

species also in the comparative length of the lower
^

bract. There the similarity ends; the panicle is

loose, with separately stalked llowors
;
the periantli

segments fall short of the capsule, sometimes by

as much as one-half; tho capsule is never acumi-

nate, but subglobular, obtuse, and mucronate, of

a beautiful light-brown colour, polished and shining

when fresh, becoming puckered and wrinkled on

drying. Dr. Buchenau, the chief authority on

Juncus, reports on specimens sent to him :
" Forma

intermedia ,/. compressi et /. Gerardi. Anthera>-

iilamentis circa 2|-plo longiores. Stilus longus.

Frnctus perigonio circa dimidio longiores."

The Borrow rush, therefore, is a connecting link

between the two species mentioned ; and although

such a form is extremely rare, and perhaps may

now have been observed in Britain for the first

time, yet its occurrence decidedly supports tho

view of those botanists who consider those plants
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to be resolvable into one super-spooies through

intermediate states.

Juncus diffusus, Iloppe.

Now to Somerset. A specimen of this littlo-nuder-

stood, and apparently very rare plant, sratliorod at

Dean, near Cranmoro, has been received from the

Eev. R. P. Murray, who says that it was con-

sidered diffusus by Mr. T. 11. Archer Briggs.

Calamagrostis lanceolata, Roth.

An addition to the " Flora." On a recent visit to

Mr. T. B. Flower, that gentleman showed me, in

his herbarium, specimens of this grass, labelled

in Mr. Thwaitcs' hand-writing, "Arnndo Calama-

grostis, JAmi. Filton Meads, Gloucestershire,

Aug., 1846. G. H. K. Thwaif.es" It is probable

that, if carefully searched for, the plant will still

be found existing at the locality given on the

label.
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By C. LLOYD MOllGAN.

T HAD mounted the broad back of Mendip. Hammering
-L all day, and many a day before, at tlie geological

deposits which fringe its margin, I had constanitly en-

deavoured to picture to myself the old-world times of whicli

they spoke, when this range of hills stood out as an island

in the midst of a warm sea, teeming with those strange and

unaccustomed forms of life which the geologist disentombs

from their stony graves in the secondary rocks. Quaint

reptiles, the swan-necked Plesiosaur, and the frog-necked

Ichthyosaur, sported at the surface or sought their prey in

the depths below. Queer fishes, some clad in scales like

shining armour (ganoids), others the distant ancestral

relatives of the Port .Jackson shark of Australian waters,

swam lazily hither and thither, or darted away before some

hungry cone - toothed saurian. Strange shell-fish, the

Ammonites and their tribes, the abundant lamp-shells, and

less unfamiliar bivalves, might be seen through the clear

water, together with sea-\irchins, and corals, and waving

sea-lilies. On the island itself ferns, cycads, and coniferous

trees may have given to tlie vegetation an Australian

aspect. In the streamlets were stonewort and, fresh-water

molluscs. Small pouch-bearing mammals, first of their

236
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kind, timidly hunted their insect prey (beetles, and may-
flies, and grasshoppers), little dreaming of the future

predominance of their race. If birds there were, they

hid themselves from view ;
but in the air wore loath orn-

wingod reptiles, with cruel toothed jaws. Great slouching

land reptiles may have been the lords of the Mendip land

of old.

Some such picture had been before my mind's eye as I

worked my way up Vallis Vale and Whatley Combe, past

Nunney Castle and the Holwell quarries, to tho central

ridge of Eastern Mendip. And then, having reached the

old red sandstone upland, I threw aside my geological

hammer, and lay me down on the short, sweet grass which
clothed tlie slope of a British rourul barrow, to enjoy tlie

foir view and tlie pleasant soutliorly breeze upon my brow.

Near me, to the east, lay Beacon Hill, on the wooded
suniniit of which, the highest point of Eastern Mendip
(i,()50 ieet), tho contrasted grocn of hirch, beech, and pine

showed that spring had not yet fully ripened into summer.
To the west I could just see the trees which mark froni

a distance tho site of Maosbuiy ring, a line oartliwork

defended by a double rampart. To tlie south-west Glas-

tonbury Tor, backed by the dim blue line of the Quantocks,

formed a feature in tlie landscape that could not be mis-

taken
;
while nearer Wells were the mountain limestone

hills, which must have stood, out as i,slets in the warm
mesozoic sea over the deposits of which my eye ranged.

To the south-east Alfred's tower at Stourhead marked the

incoming of strata (upper groensand) laid down in a later

secondary soa.

My thoughts still continued to run in tho same channel,

and I mused on the vicissitudes which the country around

me had undergone. Long before the Mendips had any
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existence as a range of hills, the Old Eecl Sandstone rocks

which to-day form their heart, were deposited near the

margin of a sea which lay over what is now Devon and

Cornwall, spreading thence eastwards through northern

Franco and Belgium. Their deposition marked the close

of a long era, the Devonian of geologists, during which the

northern parts of our islands lay within the coast-line of a

great continent stretching awny northwards and perhaps

westwards, nobody knows how far. In the early part of

this period tliore lay within the bounds of this continent a

series of groat Scottish lakes, tenanted by strange typos

of old-world creatures. Of the armoured fishes, repre-

sented to-day by such scattered forms as the Polypterus of

the Nile, the Calamoichthys of Old Calabar, and the Alli-

gator-gar of the American lakes, there were many and

various representatives, some with sharp, thornlike fin-

spines ; others with enamelled, bony helmet ; aiul many

with overlapping smooth or wrinkled scales. With them

were the quaint Eurypterids, welcomed by the author of

the "Vestiges" as crustaceans, struggling not unsuccess-

fully to become fishes ; and welcomed again by pious

quarrymen, who regarded their ventral plates, or fused

appendages, as the fossil wings of cherubim.

One of the Scotch lakes in which these creatures lived,

Ijake Orcadie (see Ma]) 1 *), lay to the north of the Scottish

Highlands, reaching to the Orkney and Shetland Isles,

* The Scotch lakes were named and defined by Dr. A. Goikie. Mr.

.Jvikes-Brownc, however, questions ttio distinctness of all these basins.

The map is modified from that given by Prof. Hull in his "Physical

History of the British Isles." The reader is, however, earnestly warned

in regard to this and succeeding maps, that the boundaries laid down in

them cannot be fixed with any approach to certainty. They are aids to

the imagination, and serve to give the history of the past an air of

reality; but they are constantly liable to modification by further and
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and perliajia oxtendiug to tlie present coast of Norway.
Another, Lake Caledonia, occupied tlie central valley of

Scotland, and spread thence to the north of Ireland.

Smaller lakes occupied the site of the Cheviots and of

northern Argyllshire.

Not only were there groat lakes in Scotland at the time

of which I speak, Init this region was also one wherein vast

volcanoes poured Ibrtli immense streams of lava, which

flooded the country and were interbedded with the sand-

stone and other deposits tliat were being swept piecemeal

by rivers and streams into the basins of the Scottish lakes.

By these deposits, volcanic and other, the lakes were to a

large extent silted up. But it would seem that elevation

of the country also took place, and the lakes may have been

drained of their waters by the deepening of the valleys

through which their efiiuent rivers flowed seawards. The
country would then have presented " the aspect of a high

and dry upland formed of lofty hill-ranges, separated by
immense plains, the sites of the desiccated lakes." But
this state of things was not to last. " A reverse movement
at length set in toward the end of the Devonian pei-iod

;

portions of the old lake-basins were again lilled with water,

the area of which widened and deepened as the land sank

torrents washed in the detritus of the land, and the

material tlius collected became the conglomerates and sand-

stones of the upper old red. and lower carboniferous series "

(Jukes-Browne).

fuller investigation. In the iireparation of the succeeding maps, with

the exception of that of the Mendip Isle, for which I alone am respon-

sible, I have been aided by Mr. A. J. Jukes-Browne, whose forthcoming
volume on " The Building of the British Isles," some of the proof-sheets

of which he has, with great courtesy and kindnes.s, allowed me to see,

will form a most interesting and valuable contribution to the palmo-
geography of our islands.
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Such was perhaps the sequence of events in the northern

part of our area during the period at the close of which the

Old Red Sandstone of the Mondips was deposited.

Let me devote one paragraph to the history of preceding

events before continuing the story of the Mendip area.

^ a/4rj

Straining his view through the long dim vista of geo-

logical time, the man of science descries, where England

now is, and stretching northward and westward, a great

Archajan continent. How the rocks which composed this

continent were formed wo know not for certain, so much
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alteration have tlioy undergone; but it would seem that

they largely resulted from the outpourings of volcanoes.

This is the earliest land of which we have cognisance.

Rain beat upon it ; the sun slione down upon it ; rivers ran

over its surface ; the waves of the sea dashed against its

coast-line
;
giant tides swept its seaward margin. Nor was

it more stable than the continents of to-day. South Green-

land to-day is gradually being submerged
; the shores of

the northern Baltic are being slowly lifted out of the water.

The ArchiBan continent, I say, was not more stable and
gradually subsided beneath the waters of the great Silurian

ocean. On the bed of this ocean the debris torn from the

ancient continent by rain, by rivers, and by the waves of

the sea, came to rest, and were built up into the strata,

thousands of foot in thickness (Cambrian, Ordovician, and
Silurian), out of which the mountains of Wales have since

been fashioned and carved. From time to time islands

appeared in the Silurian sea, but wore submerged or washed
away. For long ages did this sea roll over the site of our
English homesteads. And then elevation of the sea-bottom
took place. Scotland became part of the great north-

western continent, and bore upon its bosom tlio broad lakes

of which I have spoken
; and the waters of the ocean were

forced to retreat southwards, till of all England only Devon
and Cornwall remained submerged, though an arm or inlet

passed upwards into South Wales and occupied the area of

the Mendipa. In that arm of the southern Devonian sea

was the Old Rod Sandstone, which constitutes the heart of

Mondip, formed.

Geology, which in one of its aspects is the physical

geography of the past, is the history of continued change
;

and the Mendip area was destined soon to bo more deeply

submerged beneath a clearer sea teeming with ancient forms
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of life-sea-lilies, lainp-Hliells, and branching paliBozoio

corals. The skeletal romaiiiH of these creatures were built

up into thick masses of limestone which, since it now forms

hill-ridges, the main mass of the Mondips among the

number, was called l)y the older geologists the Mountain.

Limestone. The sea wherein it was formed was not im-

probably a land-locked mediterranean. Its northern shore

perhaps ran through the Highlands and along the north-

west of Ireland. Its southern shore probably ran througli

the north of ;Franoe, but perhaps touched Cornwall. East-

wards the sea stiotched through north-east Prance, Belgium,

Germany, and Poland, into Russia. Westward it may have

opened by narrow straits into the greater ocean.

We have evidence from the thinning of the strata and

the occurrence of beach-conglomerates that, within this

Mediterranean Sea, there was land extending from Mid-

Wales into Leicestershire ;
there was laud, too, north oi

Wexford and Waterford in the Wicklow hills of Ireland
;

there was land in Coitnty Down ; there was land in the

southern uplands of Scotland. Mr. Jukes-Browne, who

has ably marshalled the evidence, includes these land areas

in the large island, the position of which, is indicated in the

map (Map 2). Professor Hull gives a different reading,

extending the land of Mid-Wales and Leicester eastwards,

as a " central barrier," to join the continental land in that

direction, and marking the Wicklow, County Down, and

Southern Upland land-regions as isolated islands ;
while

Prof. Green extends the central barrier westwards to join

a land area between Ireland and Franco. In any case it

seems very probable that within the Lower Carboniferous

Mediterranean, the southern Mendip Sea was partially

separated by an island or ridge from the Northumlirian Soa

to the north, in which, at the beginning of the period, the
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Cumbrian Lake District rose as a small island. And in the

Mendip Sea the waters were clear and bright bnt not very

deep to the north ; to tlio south, however, over Devon they

were turbid and muddy owiiiff to the clay and silt brought

down by the rivers that drained the contiiiontal land lying-

in this direction.

Long ages again rolled by and these seas became shallowed

through the unceasing deposition of silt and sand near the

river moixths, and, in the clearer water, by the accumulation

of the remains of the abundant crinoids, corals, lamp-shells.
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and other marine creatures ;
and this, notwitiistaiuiing tliat

the sea-bed was undergoing steady, though it may be un-

equal subsidence. Then, in course of time, the waters of

tlie northern part of the Mendip Sea became more turbid,

and sandstones and shaley beds were interstratiiied with

the limestones ; for we must remember that rain and the

weather, aided perhaps in the uplands by giant frost, were

doing their worst upon the bordering continental land, and

great rivers were washing down the resulting debris into

the land-locked seas. Thus by the deposition of limestones,

shales, and the millstone grit the Mondip Sea was silted up,

and throughout the mediterranean area there was formed

a series of enormous swamps, on which there sprang up a

rich and luxuriant vegetation of ferns and giant club-mosses,

and tall Anted reeds, among which great stupid, shovel-

headed, salamander-like labyrinthodonts "pottered, like

Falstaff in his old ago, with much belly and little log."

From time to time submergences took place, like that

which in 1811-12 converted a huge area of the Mississippi

delta into a vast sunk country. But ere long the sub-

merged tracts were again silted up ;
the rank vegetation

obtained onco more a foothold ; and fresh accumulations of

peaty and other vegetable matter were formed, only to be

again, by reiterated submergence, more and more deo]>]y

buried beneath silt and sand, and thus to be stored as coal

for the future use of man.

How long this state of things continued it is impossible

to say. But we know that there was time enough for the

coal measures in South Wales to attain a thickness of from

ten to twelve thousand feet with seventy-five seams of coal.

It was a period when geographical changes were slight,

when terrestrial disturbances were at a minimum, and when

the denizens of sea and land, of marsh and swamp, found



THE MENDIPS : A GEOLOGICAL REVEEIE. 245

cvorywliore a similarity of conditions that enabled thorn to

flourish and survive without change or variation. For, as

Mr. Jukes-Browno well remarks, " when the seas wore

shallowed by the continued deposition of material derived

from tho continents, and when the higher land was every-

where encircled by a wide bolt of low-lying jungle and

swampy ground, intersected by sluggish waterways and

lagoons, the conditions would be exactly those where nature

would present a monotonous and uniform aspect, and whore

the plants and animals which had established themselves

would be likely to maintain their existence unchanged so

long as the same conditions prevailed."

But thi3 period of quiescence, protracted as it was, could

not last for ever. It was succeeded by an epoch of severe

earth-throes. Pressure set in both from the north and

south, and from the east and west; and the strata that had

accumulated under conditions so peaceful were squeezed be-

tween the jaws of tho surrounding continental lands. By
the gradual and resistless pressure thus brought to boar

upon them the horizontal deposits were thrown into ridges,

some running east and west, some north and south, just as a

piece of cloth puckers up in ridges when the ends are

pressed together. One of the most marked of the oast and

west ridges is that of the Mendip Hills, which then had

their birth after their prolonged period of gestation in the

womb of tlie carboniferous seas. And perhaps a great

igneous dyke which pierces the Old Eed Sandstone near

Stoke Lane may have been formed at the period of this up-

heaval. Of the north and south ridges, the Pennine chain,

sometimes called the backbone of England, is one of the

most conspicuous. In the basin-shaped or oval troughs

between tho ridges, the coal measures wore preserved from

that destructive denudation wrought by rain and frost, by
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rivers and ocean waves, wliicli has removed vast piles of

rock from the summits of the ridges themselves.

Many geologists believe that it was during this period of

land upheaval, and the earth-ridging of our north-European

area (the Alleglianies of America being formed about the

same time) that the North Atlantic Ocean had its birth, by

the subsidence of an ancient continent of Atlantis. Be this

as it may, there is little doubt that some of the main

geographical lines of the Western Europe of to-day were

now beginning to be sketched out.

,
Could we have stood on the newly formed Mendip ridge,

wc should have looked out on a great continent stretching

eastward througli Trance, Around us wo might have seen

a vegetation in some respects allied to that of carboniferous

times ; but the coniferous trees, which were restricted to

the uplands of those days, would preponderate over the

reeds and ferns and gigantic club-mosses of the low-lying

coal-measure swamps. The great mediterranean sea had.

now shrunk into restricted Permian lakes, lying on either

side of tlie developing Pennine axis, tenanted by the stunted

descendants of the marine creatiires which had lived in the

waters of the Carboniferous seas.

Again long ages passed by. The continent was ])orhaps

further uj)heaved and the great lakes were drained dry
;

or their level may have been gradually reduced, and their

waters rendered saline by the accumulation of mineral salts

through the long prevalence of a rainless condition of the

atmosphere.

Tlie curtain next rises on a new act in the geological

drama. The successive scenes of the Palaeozoic act are

played out. Those of Mesozoic times now begin. And as

the curtain rises with the epoch of the Trias the Mondips

are still seen as a hill range in an almost desert continent.
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To the soutli of tliein, over parts of Devon and Dorset, lies a

Bunter Lake, girt to the west and south by a rocky and

iron-bound coast, stretching from Cornwall into the north

of France.

To the north, over the sites of the Permian lakes on either

side of the Pennine axis, the occasional torrenti.il rains of

winter swept down from the valleys pebbly and sandy

detritus and spread them over the plains, which, during the

greater part of the year, may have " formed bare and arid

deserts, over which hot winds whirled clouds of sand, and on

which no living creature could find sustenance." In this

way, according to Prof. Bonney, were the pebble-beds and

wind-blown sand-stones of the Bunter formed
; but it is not

improbable that during periods of exceptional rainfall the

arid plains may have been converted into temporary shallow

lakes.

In any case, with the advent of later Triassic (Keuper)

times, through changes of climate and slow subsidence of the

land, the areas of these Triassic lakes enlarged, the waters on

either side of the Pennine axis broadened and deepened, and

extended southwards, while those of the southern lake over

east Devon and Dorset crept further and further northwards

until tlio northern and the southern lakes became merged

in one sheet of water, and the Mendips became first a

promontory of the western land, and then an isolated island

at the mouth of a gulf which separated Devon from South

Wales (Map 3).

Time had, however, wrought its ravages on the Mendips,

the main scenic features of which, as we now see them,

having, as I believe, been then impressed upon them.

Let us turn aside for a moment to consider the part

played by this old denudation in producing the Mendip

Hills as wo now know them. After the deposition of the
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strata formed in the old coal-meaauro swamps, an east and

west fold (anticlinal axis) was formed through the flexing of

the rooks due to lateral pressure sotting in from north and

south. That axial ridge was to the Mendips of to-day what

the block of Carrara inarble, as it comes to the hands of the

(Late KtuF-tn Tti^i-.) ^Y

l-t,

sculptor, is to the finished product of his art. It was merely

the rough material out of which the hills should be fashioned.

We must not suppose that the process of upheaval was a

sudden or cataclysmal one. It was one which probably

took ages to accomplish. The recently-formed beds, too.
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were not then so hard as we now tiud them to be and had

not been consolidated into sandstones, grits, and crystalline

limestones. And as they rose stop by stej) they were sub-

jected to the ceaseless action of the forces of denudation.

The waves of the sea cannot have played much part in this

denudation ; it must have been in the main sub-aerial.

Two processes of sub-aerial denudation are now going on

over the surface of the British Isles, a superficial scouring

of the wliolo area by the action of rain and frost and

atmospheric disintegration, and a linear trenching of the

land along the special lines of i-iver drainage. The surface

so acted on is composed of rocks of differing hardness and
powers of resistance to denuding processes

; and according

to their method of formation and method of upheaval these

rocks are arranged with a greater or less amount of sym-

metry. In some places the harder and softer bands alternate

with some regularity, and the symmetry is of a compara-

tively simple type. This, for example, is the case in the

neighbourhood of Bristol and to a large extent in the

Mendips. But in others, the Highlands of Scotland for

instance, the symmetry is of a far more complex type. In

any case the essential fact to grasp is this : that whereas

the linear trench formed by a river is down-cut to the same
depth in hard and soft rocks, the superficial scouring is far

more effective on the less resistant than on the more resistant

strata. While the softer rocks are being uniformly lowered

by general denudation, the hai-der strata will become fretted

with deep ravines and gorges through the linear denudation

of the streams and rivers.

Applying these general principles to our sj)ecial case, we
see in the Mendip Hills the nuclear heart laid bare to our

view by the scalpel of denudation by which the overlying

bods have been removed. The range that we see is only the
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central core of the ridgo-fold wliicli was formed at tlie close

of PalsBOzoic times. This core better resisted the action

of that ceaseless and insidious sub-aerial denudation which,

during the long continental conditions of Permian and early

Triassic times, was lowering the surface of the surrounding

coal-measures that lay in the troughs on either side of the

ridge. And I am inclined to believe that many of the jnost

striking Mondip valleys and gorges resulted from the fretful

file-like action of torrential i-ivers which leapt down the

flanks of Mendip at a time when that range formed the up-

lands of a desert continent visited at times during the winter

months by occasional storms and deluges of rain. Be that

as it may, there can be little doubt that not less than 11,000

feet of rock had been removed from the summit of the

Mendips before they again wank beneath the waters.

Let us try and picture the view from Mendip over the

deep blue waters of the broadening Triassic lake. An in-

telligent microlestes standing on IMackdown (Map 4), then

much higher than now, would have seen the suit waters of

the lake encompassing the island on all sides. Away to the

S.W. he would have seen another large island, the Quantock

Isle, and beyond that the western shore line of the lake

rising into high ground in Exmoor. To the N.W. the shore

line would again bo clearly visible passing along the rising

land of Wales and Monmouthshire, and trending northwards

till lost to view. Between Exmoor and Wales his eye would

have followed an inlet narrowing westwards (instead of, as

now, eastwards) along the Severn sea. The main Mendip Isle

on which ho stood must have ended westward in two promon-

tories,—a deep bay running in between,—the more southerly

of which, now Wavering Down, was almost isolated from

the main island. Purther westward, Banwoll, Bioadon,

Brean, and Worle stood out as separate islets. Eastwards
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tho Mcndip Islo stretched further, in all probability, than

the present extension of the range of hills. Nortliwards our

microlestes would have seen tho low island of Wriiigton,

and beyond it the long Clovodon and Clifton Islos. Probably

Kingswood formed a coal-measure island oast of the present

site of Bristol. Such may have boon tho outlook from Black-

down of old.

Slowly the Mendip Island sank. Slowly tho waters of tho

inland sea crept up its flanks, receiving there certain long-

shore deposits visible to this day. But before tho hills were

submerged a change had come over tho waters of the sea.

No longer, as heretofore, salt and barren of life, they teemed

with marine creatures. Subsidence of land over Franco had

placed the waters of the inland lake in communication witli

the warm Jurassic sea that had long rolled over the region

in which the Alps were subsequently to be upheaved as a

magnificent mountain range.

One of the most interesting chapters of Mendip geology is

that which deals with the gradual submersion of tho island

beneath the Triassic and Liassic sea. The earliest deposit

which speaks to us of this submergence is tho so-called

Dolomitic Conglomerate. It contains, comonted into a giant's

" pudding stone " of often considerable hardness, huge irregu-

lar fragments of the local rocks that had perhaps lain at the

surface during the long period of sub-aerial waste and decay,

I have at times been tempted to boliovo that some of the

linger blocks must have been ice-borne, but I have no evi-

dence that such was tho case. And it is j)erliaps more

probable that they were swept from the hills by floods.

While this deposit was being formed along tho shore lines

of the ancient islands, Keuper marls were being laid down

at a little distance from tho margin. But whereas the

Keuper Deposits of Cheshire are some 3,000 feet in thickness,



THE MENDIPS : A GEOLOGICAL REVERIE. 253

they only attain a thickness of 200 or 300 fcot in the Bristol*

or Mondip area. And this I take to be evidence of the fact

that this area was not submerged till near the close of

Triassic times.

Then came the irruption of the sea. At first only a few

bivalves found their way into our area. The bone bed at

the base of the Penarth series does indeed include a great

number of tooth, bones, and scales of fishes and other verte-

brates including the tooth of the Coratodus, a fish closely

allied to tho Flathead of Queensland waters. But these wore

the unfortunates who succumbed to tho changed conditions

of environment. The immigrants who made their home in

the lake, which was now in connection with the southern

Rhoetic Sea, were restricted to a few bivalves. They were

soon followed, however, by the teeming wealth of Liassic

times, and the abundan t fauna of the succeeding Oolites.

Those who are accpainted with the Lias only in its typical

development, at Lyme Regis or Whitby, for example, might

well be puzzled at first sight of the Lias on Mondip. It is

here a thin and meagre shore deposit, with none of the

characteristic Ammonites so familiar to collectors. In some

places, as at Shepton Mallet, the Lias rests directly on the

worn and upturned edges of the Palaeozoic rocks, and con-

sists of a close, white limestone
;
in others, as at Harptree

and Emborrow, it has been converted into a silicious chert.

ELsowhoro, as at Holwell, Rluetic and Liassic remains have

been found in so-called dykes, which must have been fissures

at tho time when the shallow waters of the Mesozoic soa

played over the margin of Mendip Isle. At what exact period

the fissures were thus filled in it is difficult to say. Most

* There would Bocm to be a local uneonformability in the Trias dis-

played in tho new G. W. 11. cutting near Brislington.
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of them cnntain LlasHic Hhells ; but Gliarlos Moore found

in his " microlestes quarry " great numbers of Rhoetic forms,

scales and teeth of fishes such as Sargodon, Lophodus, Hy-

bodus, and Saurichthys, and teeth of the marsupial mammal

Microlestftf!. Those may, however, have been washed in

during later Liassic times. In the Charterliouse mine he

found, commingled with marine shells, the freshwater

J'lanorbis and terrestrial molluscs, including snails and a

chrysalis shell. Everything points to marginal deposits in

close proximity to a land surface. And whereas in parts of

Gloucestershire, north of the Mendip axis, the Liassic strata

reach a thickness of something like a thousand feet, and in

Dorsetshire, south of the axis, a thickness of eight or nine

hundred feet, on the flanks of Mendip Isle Charles Moore

found the whole series to bo represented by some thirty feet

of deposit. Elsewhere, as in Vallis Vale, the Lias may be

wholly absent, beds of Inferior Ooh'te resting directly on the

Mountain Limestone, which is pierced by boring shells, and

has old-world oysters still adherent to the ancient rock-

surface. The lower Oolites tell somewhat the same tale as

the Lias ; for whereas they are some 700 feet thick in Dorset,

and nearly 5(J0 near Cheltenham, near Erome they do not

attain a greater thickness than one hundred feet. Mr.

Jukes-Brown thinks it not unlikely that there was an east-

ward extension of the Mendip axis forming a submarine ridgo

separating the Dorset basin from that of (lloucestershire.

«

In the waters of the sea around the sinking Mendip Isle

there wore deposited beds of clay, with a rich fauna con-

taining Ammonites in abundance, and masses of limestone,

due to the growth and waste of coral-reefs, and the acomnu-

lation of the remains of shell-tlsh, sea-urchins, and branched

sea-lilies. By such deposits wore the soas around Mendip

silted up ; and when the island itself was finally submerged
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(perhaps at tho timo of the Oxford Clay) beneath sucli de-

posits was it buried.

There is indeed no definite evidence of tlie final sub-

mergence of the island
;
and it may be that, as Charles

Moore was inclined to believe, it was not submerged at all

in Jurassic times. The Oxford Clay is, however, a formation

of wide extent, and of comparatively uniform thickness and
character. Undoubtedly it was formed in deeper water than

the oolitic limestones that un'Herlie it and preceded it in time.

And since the Inferior Oolite and Fullers Earth tell us that

tho sea had in their day crept far up the flanks of Mendip
it would seem probable that, by further subsidence of the
land, tho island completely sank beneath the deeper waters
of the Oxford Clay sea. In any case, it is not probable that

Mendip was long submerged; and when ere long (perhaps

in tlie age of the Portland Oolites) upheaval again lifted the

area above the waters, it must have formed a fertile lowland

district, contrasting strongly with the mountainous parts of

Cornwall, Devon, and Wales, which had not been thus sub-

merged and smothered in Jurassic deposits.

I mitst now content myself with sketching very briefly, in

a couple of paragraphs, the events which led up to the second
submergence and the final re-emergence of the Mendips.

Probably the upheaval that re-elevated the Mendips above

tho waters of the oolitic sea converted nearly the whole of

England north of London and the Vale of Wardour into a

rich and fertile land surface, bordering an eastern sea which

occupied the site of part of the North Sea, and formed a

Speeton Bay over parts of Yorkshire and Lincolnshii-e. To

the west there was, in Mr. Jukes-Brown's opinion, a lake in

the area which is now the Irish Sea between the Isle of

Man, Anglesea, and Lancashire. To the south lay an inland

sea, soon to be converted into a Wealden Lake (Map 5)
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stretching across tlie Channel into Northern Prance, and

receiving the waters of great rivers flowing eastwards

through the English and Bristol Channels. On the flats by

the rivers there were mares-tails in the marshes, fern a,

oycads and coniferous trees on the drier ground. Croco-

diles, turtles, and fish swarmed in the waters ; leathern-

winged pterodactyles flitted through the air
;

small mar-

supial animals dwelt upon the land ; and over the marshy

flats waddled the unwieldy Iguanodon.

Submergence again set in, and the sea which rolled over
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Sonthorn Franco found access to the Woaldon Lake con-

verting it into a Vectian (lulf. The waters of the Speeton
Bay were also creeping np over tlie land, and beating on the

northern shore of a barrier extending from Belgium through

London and south-central England. This barrier separated

the northern waters of the Speeton Bay from the southern

waters of the Vectian Gulf, and as submergence continued

this barrier grow narrower and narrower uTitil the two wore
united by straits between Berkshire and Cambrido-oshire.

Tho straits widened and dooponod as England underwent
lior last great jioriod of subHidonce bonoath the waters of the
CJhalk Ocean, which teemed with the myriad life of minute
marine animalcules, the tiny shells of which sinking to the
bottom gave rise to a greyish calcareous ooze, which, now
that it is uplifted to form our downs and southern shore

cliffs, wo term chalk. Dartmoor, parts of Wales, and the

Cumbrian Lake Mountains, perhaps alone of all England
appeared as islands in the midst of the bine waters of the

warm clear sea. The Mendipa wore once more, and for the

last time, completely submerged.*

Wiien they again rose from the waters they were ovor-

mantlod by a deposit of pure white chalk. But ovon as

they emerged from the ocean the waves were busy rapidly

removing the soft calcareous ooze, and when thoy had passed

through this ordeal and were lifted up once more into the

atmosphere, they were forthwith subjected to the action of

rain, tho weather and a thousand streamlets. Thus were
all tho more recent deposits stript from the Mendip axis

and tho old scenic features, so long buried, wore again dis-

closed, and received under the chisel of denudation their

linal sculpturing. Around them, mantling their flanks

Near Frome tho Wonldon and Lowor Cretaceous are alment. The
Upper (rreonsand lies directly on an eroded surface of Oxford Clay.
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still lie the remnants of tlie deposits of the geological middle

age.

From that time to the present the Mendips have remained

above the waters. They have looked out on many more

recent geological changes. They have seen, in Tertiary

times, spreading over London, Hampshire, and the Isle of

Wight, the warm waters of a tropical bay or estuary, in

which a host of crocodiles lay basking, and turtles lazily

disported themselves over London, untroubled by the night-

mare visions of aldermanic feasts. They have seen England,

then joined to the Continent, the home of huge mamnuils of

strange and uncouth aspect. They have seen the coast of

Suffolk bordered by a sea, growing colder and colder, and

colonized by a constantly increasing number of arctic shells

which migrated southwards before the advancing ice. They

have seen the north of England and Scotland buried under

glaciers and vast accumulations of land ice or partially sub-

merged under an ice-ladon sea. Thoir own flaidiS may have

been torn, and their gorges and ravines scoured out and

deepened by torrential rivers due to the molting of the snow

with which they were themselves covered. Tlioy have seen

early man forced to migrate before the, advancing ice, con-

tending against fierce beasts of prey, or hunting the milder

equines and bovines, armed with rudely fashioned weapons

of flint and stone.

And here the Mendips themselves are able to afford their

item of evidence ; for in caves hollowed out in the limestone

rock there are found the bones and teeth of the animals

which then ranged over the Mendips and the extensive

valley flats which fringed them to the south and north.

Into some of these caves, such as that at Banwell, the bones

were washed from the surface by streams which disappeared

down swallet-holes. Others were hyaana dens into which
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these creatures dragged their prey. From time to time
primitive man ousted the hyaenas from their dons and tooJc

summary possession thereof.

"Wo may picture to ourselves," says Mr. Boyd Dawkins
" a fertile plain occupying [a considerable area of] the

Bristol Channel, and supporting herds of reindeer horses

and bisons, many elephants and rhinoceroses, and now and

then being traversed by a stray hippopotamus, which would
afford abundant prey to the lions, bears, and hyaanas in-

habiting all the accessible caves, as well as to their <Teat

destroyer—man. . . . Hyaenas were the normal occu-

pants of the caves {e.g. Wookey Hole) and thither they
brought their prey. We can picture these animals pursuing
elephants and rhinoceroses along the slopes of the Mendips
till they scared them into the precipitous ravine (Cheddar
(Torge), or watching until the strength of a disabled bear or

lion ebbed away sufficiently to allow of its being overcome
by their cowardly strength. Man appeared from time to

time on the scene, a miserable savage, armed with bow and
spear and unacquainted with metals. Sometimes he took

possession of the don and di-ovo out the hyaenas. He kindled

his fires at the entrance, to cook his food and to keep away
the wild animals ; then he went away, and the hysnas came
back to their own abode."

The " miserable savage " of whom Mr. Boyd Dawkins here

speaks, belonged to the old Palaeolithic folk who ranged the

Mendips when England was continental, and when Scotland

and the North had not yot shaken off the chill ico-pall of

the glacial epoch. Witliout the aid of the dog they lived

as best they could by the chase, armed and appointed with

rudely iiiiishcd chipped implements fashioned from such

flints as they found ready to their hand. But the Mendips

whicli had already witnessed so many changes, saw this race
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pass away, to be after many (lays replaced by Neolithic

folk.

Within night of the Mondips, at Stanton Drew, there

stands to this day, formed of huge brocciated blocks, some

of them carried thithor from Mendip, a system of stone

circles erected, as I believe, by these Neolithic folk.

England had, in their day, become insular, and the glacial

epoch was a thhig of the past. Unlike the Palaeoliths, who

were acquainted with many animals unfamiliar to us, and

some of them extinct, the Neolith knew only one extinct

animal, the groat Irish deer, noblest-antlered of his kind.

In their hunting expeditions the dog was at their side.

They ground and polished their implements, and mined for

the flints of which they were fashioned. Above all thoy

were herdsmen and farmers, who introduced many of our

cerials and domestic cattle.

These were perhaps the pre-Aryan inhabitants of Britain.

They were in course of time invaded by Aryan folk who

brought with them the use of bronze, and all the varied

culture of the axe ; who buried their chieftains in the round

barrows which still dot the Mendip uplands, and who, in

later days, had, in turn, to give way before the Eomans, the

scars of whose mining operations still seam the sides of

Mendip.

The sun was sinking and the air was growing chill, as I

grasped again my geological hammer, and swiftly descended

from the Mendip upland.



t\)t stones 0f StJintoir Jlrcto: tljcvr

By PEOF. 0. LLOYD MORGAN..

IN the " Procoedings of the Somersotshire Archteological

and Natural History Society (1887)" I have given, a full

account of my investigations at Stanton Drew, and liave

published a plan of the circles (modified from that of Mr.

Dymond, C.E., l^^.S.A.) with references to their lithological

character. Prom the paper there published I here quote,

l)y permission, a few paragraphs.

(concerning the niogalithic remains at Stanton Drew much

has been written. Local tradition has preserved for us an

account of their origin sufficiently miraculous. Around

them in later times there has been a delicate play of

archseologic fancy.

In this paper it is not my purpose to criticize or to dis'

cuss at any length the final cause of their erection. The

task I have set before myself is a more practical, and, I

venture to hope, a. more useful one. My object in the in-

vestigations, the imperfect results of which are here with

some diffidence laid before the Somersetshire Archseologioal

261



262 THE STONES OF STANTON DREW :

and Natural History Society, lias been—(1) To ascertain tlio

nature of the rocks of which the stones are composed; (2)

To ascertain where such rocks may now be found in situ

;

and thus (3) To ascertain whence the ancient Neolithic folk

(for by them I believe the stone circles to have been

erected) brought those giant stones.

The Nature of the Stones.—In addition to the stones of the

Great Circle and its Avenue, the North-east Circle and its

Avenue, and the South-west Circle, there are three stones,

known as the Cove, situated near the Church ; there are

two small stones in the Middle Ham or Tjower Tyning,

about one thousand yards west (and a little north) of the

Great Circle ;
and there is one large stone (Hautville's or

Hackwell's Quoit), about six hundred yards east-noi-th-oast

of the Great Circle.

A cursory examination of the stones shows tliat thny are

not all composed of the same rock-material. The ma,jority

of them arc, as has often been pointed out, of a very

peculiar nature, being composed of a highly silicious breccia,

full of angular fragments, of various sizes and shapes, em-

bedded in a reddish silicious matrix, freely impregnated

with iron. The rock is also full of hollows, some of which

are lined with crystallized quartz, while others are com-

pletely filled up with this material. The embedded frag-

ments have also a curious banded appearance ;
the banded

layers running parallel with the contour of the fragments.

The stones of this class exhibit considerable variety of

structure and external appearance ; some are composed

throughout of a close rod or brown cherty material, witli

but few embedded fragments, and scarcely any hollows.

Others have many larger or smaller hollows, and have a

rough and slaggy appearance, giving rise to the popular but

erroneous idea that they are of volcanic origin. Collinson
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might well be excused for calling some of these rock massos
" a composition of pebbles, grit and other concrete matter "

and doubting that they were " ever hewn fi-om the rock."

1 sliall Hj)oak of the rock of wliich these stones are com-

posed as iSilicious Breccia.

Besides the stones which are composed of tliis Silicions

Breccia, there are others, five in number, which are com-

posed of a Dolomitic Breccia, in which comparatively

small fragments of (Mountain) Limestone are embedded
in a reddish matrix, containing iron and carbonate of lime.

This has, so far as I know, never been differentiated from

the Silicions Breccia by previous observers. It is, however
a distinct rock; and the fact that all three stones of the

(^ovo are composed of it is, I think, noteworthy.

The two small stones in the Lower Tyning, as well as

one, perhaps two, in the Great Circle, and one in the

North-east Circle Avenue, are a yellowish Limestone. The
presence of an Echinoid in one of the stones in the Lower
Tyning marks this rock as belonging to the Oolite series of

geologists.

Tour stones are composed of Sandstone: the Quoit, two
in the Great Circle, and one in the South-west Circle. I

think it not unlikely that the Sandstones in the circles are

of PaliBOzoic age, perhaps Old Red Sandstone. But that

of the Quoit is of a different and closer character.

Thus, if we separate these Sandstones, there are five dis-

tinct kinds of rocks—Silicions Breccia, Dolomitic Breccia,

Oolitic Ijimestono, coarser Sandstone, and the close fine-

grained cherty Sandstone of the Quoit.

Whence were these severally bi-ought ?

The Sources of the Stanton Drew Stones.— 1. TLe

Silicious Breccia.—Although the variable nature of this rock

makes it impossible to say, for certain, from what exact spot
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this rock was brought, itw j>eculiar and local cliavactor

enables us to say, with tolerable certainty, that it was

obtained either from the neighbourhood of Harptree under

Mondip or from Leigh Down, on the eastern skirt of Inroad-

field Down, or perhaps from both these localities.

I feel very little doubt that all tlie stones of the North-

east Circle (Circle of Eight) are from the Harptree neigh-

bourhood. The stones which seem to me to be from Leigh

Down, near Winford, are indicated in the paper I have

referred to.

'2. Bolomitic, JJreccia.—Unless wo are to go yet further

afield, this rock, too, was obtained either from the skirts of

Broadfield Down or from the Mondip margin. As bei'oro

mentioned, flat slabs, similar to those in the Cove, are found

near Rudd and on Green Down. I5\it I do not thirdc we are

restricted to these localities.

3. The Limestone.—For some time I was doubtful about

the source of the stones composed of this rock. It is very

difficult to determine from a weathered surface, and I have

not felt justified in chipping any of the stones. From the

occurrence of an Echinoid in one of the stones of the Lower

Tyning, the weathered surface of which resembles that of the

other limestone monoliths, I am now disposed to refer them

to the Inferior Oolite of Dundry.

4. The Goarser Sandstone. — As to the exact locality

whence these stones were obtained, I am not at present

prepared to offer an opinion. I am inclined to regard

them as Palaeozoic ; but even of this I would not speak

too positively.

5. The Fine-Orained Sandstone.—Of the source, geological

and local, of this rock I am doubtful.

It is possible that one or more of the Sandstone monoliths

may be Sarsen—but whence ?
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Conclusion.

The following facts seem to come out definitely from the

investigations here recorded.

(1) That the stones of the North-east Circle, containino-

the largest monoliths, are all of one kind (Silicious Breccia),

and probably all from one source—the Harptree neighbour-

hood
; (2) That the great Circle and South-west Circle are

composed of smaller stones of diverse origin
; (3) That the

stones in the Cove are of one kind of rock (Dolomitic

Breccia), which differs from that whereof the stones of the

North-oast Circle are composed, and of which there is only

one stone in tlio Great Circle and one in the South-west

Circle.

I think it may fairly be inferred from those facts, that the

North-east Circle is of different date* from that of the other

circles, and that the Cove is also of different date. Whether
the North-east Circle of larger monoliths is older or later

than the Great Circle, with its smaller diverse monoliths,

and what is the relative date of the Cove, I do not pretend

to say. It is a matter of mere speculation whether the

smaller circle of large monoliths, or the larger circle of

small monoliths, was {.ho earlier. I imagine, liowevor, tliat

the circles were of gradual growth.

* When I Bay of different date, I do not mean to imply, erected by a

different race or tribe.
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By GEORGE F. BURDER, M.U., F.R. Miw. Soc.

TABLE OF RAINFALL.

1887.

Average
of

35 years.

Departure
Irom

Average.

Greatortl, fall in

24 Hours.

Niunl)Or
of iltiyn

on which
01 in.

or more
fell.

15

7

!)

11

14

4

11

8

15

10

18

18

Deptli. Date.

19th

3r<l

15tli

2()tli

31.st

2n(l

2(!th

31st

Ist

29tli

5th

15th

.lanuary. .

February

March . .

April . . .

May . . .

June . . .

July . . .

August .

September

.

October . .

November .

December .

Inches.

2-271

0-()9(;

2-382

1 -95()

2-337

1-001

1-125

2-938

3-422

2-481

2-772

2-412

luchcfi.

3-320

2-293

2-18G

2-079

2-434

2-555

2-911

3-451

3-373

3-724

3-017

2-881

InohoH.

-1-049

-1--597

+ 0-190

-0-123

-0-097

-1-554

-1-780

-0-513

+0-049

-1-243

-0-245

-0-469

Inches.

0-455

0-275

0-070

0-751

0-6U

D-790

0-322

1-091

0-(i88

1-031

0-388

0-420

Year . . . 25-793 34-224 -8-431 1-091 Aug. 31st 140
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Eemarks.—TliG year 1887 was the driest year wince 1870
the amount of rain having fallen short of the average of 35
years by nearly 8^ inchen, or about a fourth part of the
whole. Before 1870 dry years were of more I'requent

occurrence
; and out of the series of 3B years during which

observations have been taken, no less than five have had a
rainfall smaller than that of last year. The least annual
fall wa.M ill 18(!4, namely, 22-74:6 inches. There has how-
ever, been ]io parallel in 36 years to the deficiency of rain
which was experienced in the interval from the 3rd of June
to the 29th of August in the past year. The total fall in
that period of nearly three months was 2-386 inches. The
two nearest approaches in former years to this prolonged
drought occurred in 1864 and 1869. In 1864 the quantity
collected in the same interval was 3-836 inches; in 1869 it

was 3-322 inches.

Specially dry periods of shorter duration were noted in

1887 as follows :—Prom Februai-y 3rd to March 13th, 38
days with less than four-tenths of an inch of rain

; March
26th to April 21st, 26 days with less than three-tenths

;

Jun-o 2nd to July J2tli, 40 days with loss than half an inch
;

July 2(ith to August 15th, 20 days practically rainless.

The longest absolute drought was from June 8th to July 4th
—a period of 2(i days unbroken by a shower.

The driest month in 1887 was February, with barely
seven-tenths of an inch of rain. The wettest was September
with nearly 3| inches ; but this quantity was only slightly

in excess of the average for that month. March and
September were the only months in the year which showed
no deficiency.

The groat snowstorm of March 15th, 1887, claims i-ecord

here, as being the most remarkable for level depth of snow
that has occurred in this part of the country for probably
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half a century. The average doptli was 1.5 incliea, yioldiiip;

when melted Ij inch of water, which was more than half of

the entire downfall of that month. Tlie snow was of very

light textnre, and not much drifted ; hence the damage and

inconvenience sustained were less than on some other

occasions when the level depth has not been nearly so

ffl-oat.
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^tmpxiiixxxc, tixhn at Clifton; 1887.

By D. MNTOUL, B.A., CANTAn.

rriHE following table contaiua some results of observations
-J- carried on at Clifton College during the year 1887.

The conditions of the Royal Meteorological Society are

complied with in all the observations. It will bo seen that

the year was distinguished by an abnormally largo number
of frosts, as indicated by a minimum thermouiotor placed

about 4 inches above ground covered with grass. The
minimum temperature recorded (H-7°F.) is also lower than
for any year since 1881.

Owing to an accident, the maximum shade temperatures

were recorded for only part of January, so that the results

for that month are not complete. In comparing the variotis

months of 1887 with those of the previous six years, it will

be seen that the temperature in January, June, and July

was higher than the average, while March, April, May
September, October, November, and December were colder

May especially being distinguished by low mean tempera-

ture.

2(19
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1887 TEMPERATURES.

MONTH.
Maxiniuni in Hhado. Minimum in Hliado.

Mean
ill Shade.

Miniinnm
on (ir-ourid,

Jjowewt,

recorded.

15-l"^^

recorded

.

Moiin.
LowOHb

recorded.
Mean.

[

January .
53-5 50-1 20-4 33-0 41-5

February .
66-9 46-7 24-4 3,5-3 41-0 16-7

March . . 69-2 45-4 23-8 (?) 34-4
,

39-9 11-7

April . . 63-3 49-0 29-6 35-3
I

42-2 18-9

May . . .
70-1 57-5 36-2 41-5 45-5 26-0

June . .
82-5 78-6 43-3 46-2 62-4 35-0

July. . .
82-8 73-5 49-0 54-3 63-9 35-0

August 80-6 68-1 45-2 52-6 60-4 40-8

~7ri-7"

22-8

September 65-9 59-3 33-2 48-1 53-7

October 60-3 52-1 28-0 40-1 46-1

November 51-3 46-1 25-4 36-2 41-2 20-1

18-3December. 52-3 45-6 23-4 34-3 39-9

Year 1887. 82-8 66-0 20-4 40;9 48-4 11-7

Year 1886. 83-5 64-90 21-7 43-17 49-03 15-3

Year 1885. 87-8 63-98 22-1 42-53

44-07

48-09

50-66

20-1

""23-7Year 1884. 87-5 67-44 22-6

Year 1883. 82-5 54-54 20-9 42-88 48-71 19-3

Year 1882. 78-5 65-46
1

21-9 43-62 49-54 20-6

Year 1881. 86-9 56-44 I 12-3 42-92 49-18 5-8
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MONTH.

Number of Days
on which the
MhiiTniim
Groiuui

Tomileratin-o
was below 33°ii\

Number of Days
oil which the
Minimum

Air Temperature
was below 32"F.

Number of Pays
on which tlio

Maximum
Air Temi)orature
was below ;J2"i^\

Number of Days
on which the

Mean
Air Temperature
was bolow 32°jr.

January . . 19 14

1February. . 18 11

March . . . 26 14 1 4

April . . 27 ;?

May . . . 10

June . . .

July . . .

August . .

September . 2

October . , 10 3

November . 14 10 2

December . 22 8 1 4

Year 1887 . 148 63 2 11

Year 1886 . 102 64 1 22

Year 1885 . 68 40 1 6

1Year 1884 .

Year 1888 .

51 19

79 40 6

Y(>ar 1882 . 63 26 2 7

Year 1881 . 94 60 11 24

A A
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^lTmimrti0it inxa Sclcrtioit.

By PEOF. C. LLOYD MORGAN.

>

Bead April r>th, 1888.

rriHORE who have read the reoently-publishod " Life of

-L Charles Darwin " may remember a footnote in which

Mr. A. B,. Wallace criticizes the phrase " Natural Soksctiou."

"The tonii ' Survival of the Eitteat,' " ho says, "is the plain

expresssion of the fact ;
' Natural Selection ' is a meta-

phorical expression of it, and to a certain degree indirect

and incorrect, since Nature does not so much select special

varieties as exterminate the most unfavourable ones."*

Mr. Darwin, while admitting with his wonted candour the

force of this criticism, urges in sn|)i)ort of the use of liis

own phrase, first, that it can be employed as a substantive

governing a verb : secondly, that it serves to connect

artificial and natural selection ; and thirdljr,t that its moan-

ing is not obvious, and that this loads men to think the

matter out for themselves.

I propose here briefly to consider Mr. Wallace's criticism;

to suggest ))rovisionally the use of the phrase, "Natural

Elimination," which can be employed as a substantive

" governing a verb "
;
and to indicate the advantages which

' Lite," vol. iii., p. 40. t Vol. ii., p. 278.
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would attend the use of such a term, not the least of which

is, that it serves to distinguish between artificial selection

and " natural selection."

Mr. Herbert Spencer's term, '' Survival of the Fittest,"

says Mr. Wallace, is the plain expression of the fact

;

" Natural Selection" is a motaj)liorical expression of it. Yes
;

but in the first place, Mr. Spencer's phrase gives no inkling

of the process by which such survival is brought about;

and, in the second place, it is questionable whether any

phrase, which does so indicate the process, can escape the

charge of being in some degree rnotajihorical. The sting

of Mr. Wallace's criticism, therefore, would appear to lie

(appropriately) in the tail, where ho points out that Nature

does not so much select special varieties as exterminate the

most unfavourable ones. This seems to me a valid criticism
;

one which Mr. Darwin does not sufficiently meet ; and one

which still holds good. I would, however, venture to

suggest that the word " eliminate," though somewhat meta-

phorical, is more satisfactory than Wallace's word, " ox-

terminate"; and I further venture to suggest that the use

of the phrase. Natural Elimination, would emphasize tlio

fact that, whereas in artificial selection it is almost invari-

ably the fittest which are chosen out for survival, it is not

so under Nature ; the " survival of the fittest " under Nature

being in the main the net result of a slow and gradual

process of the elimination of the unfit. The well-adapted

are not selected ; but the ill-adapted are rejected
;
or rather,

the failures are just inevitably eliminated.

I do not mean for one moment to hint that Mr. Dai'win

failed to recognise this fact. But I do think he failed to

give it adequate expression. I do think that if he had

employed the term " Selection " for the choosing out the

mDre fit, and " Elimination " for weeding out the less fit,
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lu's meanini;; in many cases would have boon made moro

clear. " T]io principlo of selection," lie says, " may Le con-

veniently divided into three kinds : Methodical Selection is

that which guides a man who systematically endeavours

to modify a breed according to some pro-detonnined stand-

ard. Unconscious Selection is that which follows from men

naturally preserving the most valued, and destroying the

less valued individuals,, without any thought of altering the

breed. Tjastly, we have Natural Selection, which implies

that tho individuals which are best litted for the complex

and in tho course of ages changing conditions to which they

arc exposed, generally survive and procreate their kind." *

Here the transition from selection to elimination is effected

under the head of unconscious selection, where the brooder

is not intentionally modifying the strain, but is merely

desirous of keeping up tho standard. And this he effects

in one or both of two ways : either by selecting his best

cattle, or dogs, or other domestic animals to breed from, or

by weeding out the unsatisfactory individuals. The end

iji view is tho same, but tho processes employed are

sufficiently distinct; solection being ai)plicd to one end

of the scale, elimination at the other.

Now in " natural selection " (so-called), the standard is

maintained mainly (but not entirely) by weeding out the

failures ; by elimination of the unfit. " Natural Eejoction "

would therefore have boon a more appropriate phrase
; but

" Natural Elimination " seems to me more satisfactory and

loss metaphorical.

It is just possible that some one may say: If nothing

more takes place than tho elimination of the unfit, whore is

the possibility of advance ? You may keep up tho stand-

' Animals and I'lants," 1st ed., vol. ii., p. 193.
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ard, but pro{;;ross in Huroly impossible. Such an objection

would, however, imply a forgetfulness of the facts of

variation. Variation is constantly takinji; place
;

and the

variations may be favourable, or unfavourable, or neutral.

Under selection, the iavourablo variations will be chosen

out ; the unfavourable and the neutral may go. Under

elimination, the unfavourable disappear; the favourable and

the neutral remain. l?y how much the favourable variations

are in excess, by so much, will the race tend to advance.

I see no reason why neutral variations should be eliminated,

except in so far as,—in the keen struggle for existence,

—

they become relatively unfavourable.*

Too much stress is, I thiulc, laid upon utility. Mr. Wallace

himself contends " that none of the doiiiiito facts of organic

nature, no special organ, no characteristic form or marking,

no peculiarity of instinct or of habit, no relations between

species or between groups of species, can exist, bat which

must now be or once have been useful to the individuals or

the races which possess thorn." f And Mr. Eomanes, in his

valuable and suggestive paper on Physiological Selection

(physiological isolation would better express its scope),

brings forward the inutility of speciiic characters as one

of the three " cardinal difficulties in the way of natural

selection, considered as a theory of the origin of species."

" The features," ho says, " which servo to distinguish allied

species, are frequently, if not usually, of a kind with which

natural selection can have had nothing whatever to do
;
for

distinctions of specifio value frequently have reference to

structures which are without any utilitarian significance." %

But why should neutral variations,—variations, that is to

' Cf. " Origin of Species," (Uli ed., p. (')3.

t " Natural Selection," p. 47.

\ Journ. Lin. Soc, ZooL, vol. xix., p. 1)38.
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say, which are neither useful nor iiarml'ul,—l>e eliminated

nnder Nature ? If they escape, through isolation or other-

wise, that swamping by intercrossing by which all varia-

tions are liable to be submerged, why should they be

weeded out? I am inclined to think that the use of the

term " Natural Selection," implying some natural tendency

for the Jittest individuals and the most usel'ul structures

to bo chosen out for preservation, has led to too mucli

stress being laid on the necessary utility of structures and

spocilic features. And I venture to think that the use of

some such term as "Natural Elimination," implying the

natural tendency . of the iinfavourable and deleterious

variations to be weeded out, would liave saved us from

some perplexity in this matter. Undoubtedly, in the long

run, useful variations will tend more and }iio)'e to pro-

ponderate, since the longer and keener tlie struggle the

greater and more inevitable tlie tendency of neutral varia-

tions to become relatively iinfavourable. And this is esactly

what we do find . For, as Mr. Romanes remarks, in
,
con-

tinuation of tlie passage quoted above, "It is not until we

advance to the more important distinctions between genera,

families, and orders that we begin to find, on any large

or general scale, unmistakable evidence of utilitarian meam

Not only does the use of the phrase " Natural Elimina-

tion " save us from misconceptions of this nature
;

it also

serves to connect the natural process with that struggle for;

existence out of which it arises. The struggle for existence^

is the reaction of the organic world called forth by the

action of natural elimination. Organisms are tending to

increase in geometrical ratio. There is not room for the

myriads born. The tendency to increase is therefore hold

in check by elimination involving the struggle for existence
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" Tliis term," sayy Mr. Darwin, " I uso in a largo and meta-

phorical sense," which he then jn'ocoods to explain. It

would seem, in the suggested phraseology, to be the result

of a throe-fold process of elimination. l"'irst, elimination

by the direct action of surrounding conditions; secondly,

elimination by enemies ; and thirdly, elimination by com-

petition.*

As an example of the first kind, of elimination, Darwin

tells us that in the winter of 1864 ~B, four-fifths of the birds

in his grounds perished from the severity of the weather.

My collcagxie, Mr. Munro Smith, informs mo that, in culti-

vating microbes, certain forms, such as Bacillus violaceus

and Micrococcus prodigiosus, remain in the field during cold

weather when other less hardy microbes have perished. At

the edge of a coral reef, minute, active, free-swimming coral

embryos are set free in immense numbers. Presently they

settle down for life. Some settle on a muddy bottom, others

on a cold bottom, others at too great a depth. All these are

eliminated. Only the few who chance to take up a favour-

able position are preserved. The parable of the Sower gives

us another case in point. Examples could be multiplied

indefinitely. I imagine that dnri]ig the oncoming of the

glacial epoch there was much pitiless elimination of this

order. Among civilized human folk this form of elimina-

tion is only seen in military campaigns, in Arctic expedi-

tions, and in arduous travels. But in early times and among

savages it must be a more important factor.

Elimination by enemies scarcely needs exemplification.

Battle within battle must, throughout nature, as Mr. Darwin

says, be continually recurring with varying success. Tlio

Stronger devour the weaker, and wage war with each other

* Cf, " Origin of Species," pp. 50 and 53.
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ovor tlio ])roy. Under this bead may bo taken the plie-

nomena of parasitism. Neither cattle, nor horses, nor dogs

have ever run wild in Paraguay, owing to the insidious

attacks of a certain fly, which lays her eggs in the bodies of

the newly born. There is scai'oely a form of life so harmless

or so retiring as not to be liable to the attacks of enemies

from without or fi-om within. Among human folk, more-

over, elimination l)y enemies is not wholly unknown; and

in this connection it is a sad reflection, as Sir W. R. Grove

has well said, that man is almost the only animal that

tiglits, not for food, oi- means of life, or of perpetuating

its race, but from motives of merest vanity, ambition, or

passion.

Kliiniiiation by competition is by far the most important.

As Mr. Darwin so well points out, the competition is keenest

between members of the same group and among individuals

of the same species, or between different groups or different

species which have, so to speak, similar aims in life. Alter-

nations of hard times and good times are liere effective, and

may convert competition into war. During the Exhibition

at iSoutli Kensington there were good times for rats. But

wlien the show was over, there followed times that were

cruelly hard. The keenest competition for the scanty food

ai'ose ; and the poor creatures were forced to prey upon

each other. "Their cravings for food," we voad m Nature,

" culminated in a fierce onslaught upon one another, which

was evidenced by the piteous cries of those being devoured.

Tlieir method of seizing their victims is to suddenly mako

a raid upon one weaker or smaller than themselves, and

after overpowering it by numbers, to tear it in pieces."

During the upheavals and depressions and the marked

climatic changes of geological times, this alternation must

have occurred again and again. Not only would there be
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an actual expansion and contraction of the life-area, as

when a continent was rising or sinking, but there would

be a virtual expansion and contraction as the power of

supporting life in the area was, by changes of climate or

other causes, increased or diminished. During good times,

varieties which would otherwise be unable to hold their

own might arise, and have time to establish tliemsolves.

Durin;» bad times, all who were then foitnd unfit would be

eliminated.

That elimination by competition obtains among human

folk, needs, alas ! no illustration. Hero, too, there is an

alternation of good times and hard times, with effects suffi-

ciently marked. The introduction of ostrich-fanning in

South Africa alfords a case in point. Tiiis produced good

times for the farmers. Whereupon there resulted variation

in two directions. Some devoted increased profits to im-

provements on their farms, to irrigation works which could

not before be afforded, and so forth. For others, increased

income meant increased expenditure, and. an easier, if not

more luxurious, mode of life. Then came hard times.

Others, in Africa and elsewhere, learnt the secret of ostrich-

farming. Competition brought down prices, and elimination

set in—of which variety need. hard.ly be stated.

Such, then, are the modes of elimination. Observe that

it is a differentiating process. As Darwin says :
" It may

be well here to remark, that with all beings there must be

much fortuitous destruction, which can have little or no

influence on the course of natural selection."* The ant-

bear swallowing a tongue-load of ants; baltenoptera engulf-

ing whole shoals of herrings
;
the Greenland whale swallow-

ing thousands of fry
;

the bear or the badger destroying

• " Origin of Species," p. 08.
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whole nests of bees—these are examples of wholesale

destruction, not of the elimination of the unfit.

Let us now turn to cases of selection, propeiiy so called,

where Nature is in some way working at the other end of

the scale ; whore her method is not the elimination of the

unfit, but the selection of tlie fit. Such a case may be

found on Darwin's principles in brightly-coloured flowers

and fruits. "Flowers," he says, " rank amongst the most

beautiful productions of nature ; but they have been

rendered conspicuous in contrast with the green leaves, and,

in consequence, at the same time beautiful, so that tliey

may be easily observed by insects. I have come to this

conclusion from finding it an invariable rule, that when a

flower is fertilized by the wind, it never has a gaily coloured

corolla. Several plants habitually produce two kinds of

flowers; one kind open and coloured, so as to attract insects;

the other closed, not coloured, destitute of nectar, and never

visited by insects. Hence we may conclude that, if insects

had not been developed on the face of the earth, our plants

would not have been decked with beautiful flowers, but

would have produced only such })oor flowers as we see on

our fir, oak, nut, and ash trees, on grasses, spinach, docks,

and nettles, which are all fertilized through tlio agency

of the wind. A similar lino of argument holds good with

fruits; that a ripe strawberry or cherry is as pleasing to

the eye as to the palate,—that the gaily coloured fruit of

the spindle-wood tree, and the scarlet berries of the holly,

are beautiful objects,—will be admitted by every one. But

this beauty serves merely as a guide to birds and beasts, in

order that the fruit may be devoured and manured seeds

disseminated : I infer that this is the case from Iiaving as

yet found, no exception to the rule, that seeds are always

thus disseminated when embedded within a fruit of any
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kind (that is, within a fioshy or pnlpy envelope), if it be

coloured of any brilliant tint, or rendered conspicaonB Ly
being white or black." *

Here wo have a caae of the convorHO of elimination, a case

of genuine selection under nature. But even here the pro-

cess of elimination also comes into play, for the visitations of

flowers by insects involves cross-fertilization. The flowers

of two distinct individuals of the same species of plants in

this manner fertilize each other ; and the act of cros.sing, as

Mr. Darwin so exquisitely proved, gives rise to vigorous

seedlings, which consequently would liave the best ohancQ

of flourishing and surviving—would best resist elimination

by competition. So that we here have the double process

at work
;
the fairest flowers being selected by insects, and

those plants which failed to produce such flowers being

eliminated as the relatively unfit.

If we turn to the phenomena of what Mr. Darwin termed

sexual selection, we find botli soloction and elimination

brought into play. By the law of battle, the weaker and

less courageous males are eliminated so far as the continua-

tion of their kind is concerned. By the individual choice

of the females (I may not here say tlie fairer sex), the finer,

bolder, handsomer, and more tuneful wooers are selected.

Let us again hear the voice of Mr. Darwin himself.

" Most male birds," he says, " are highly pugnacious during

the breeding season, and some possess weapons especially

adapted for fighting with their rivals. But the most pug-

nacious and the best-armed males rarely or never depend

for success solely on their power to drive away or kill their

rivals, but have special means for charming the female.

With some it is the power of song, or of emitting strange

" Origin of iSpccies," p. IGl.
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cries, or of prodxicing instrumental music ; and the males in

consequence differ from the females in their vocal organs or

in the structure of certain feathers. Prom the curiously

(liversiiied moans i'or producing various sounds, we gain a

high idea of the imjjortanco of this means of courtship.

Many birds endeavour to charm tho females by love-dances

or antics, porfornuid on tho ground or in the air, and some-

times at prepared places. But ornaments of many kinds,

the most brilliant tints, combs and wattles, beautiful

plumes, elongated feathers, top-knots, and so forth, are by

far the commonest means. In some cases, mere novelty

appears to have acted as a charm. The ornaments of the

males must be highly important to them, for they have

been ac(]uired in not a few cases at tlio cost of increased

danger from enemies, and oven at some loss of power in

fighting with their rivals.* . . . What, then, are we to

conclude from those facts and considerations ? Does the

male parade his charms with so much pomp and rivalry

for no purpose ? Are we not justified in believing that

the female exerts a choice, and that she receives the ad-

dresses of tho male who ploasos her most ? " f

Here again, then, we have the combined action of elimina-

tion and selection. And now wo may note that selection

involves intelligence ; or, since it may bo objected tliat

selection is in some cases instinctive, let us rather say,

involves the mind-element, or the element of consciousness.

Hence it is that when we come to consider the evolution of

human folk, the principle of elimination is so profoundly

modified by the principle of selection. Not only are the

weaker eliminated by the inexorable pressure of competi-

tion, but we select the more fortunate individuals and heap

• " Descent of Man," Buramnry of chap, xvi., pt. ii.

t Ibid. chap. xiv.
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upon them our favours. This enables us also to soften the

rigour of the blinder law ; to let the full stress of competi-

tive elimination fall upon the worthless, the idle, the profli-

gate, and the vicious ; but to lighten its incidence on the

deserving but unfortunate.

Too little importance han, perhaps, boon attached of lato

years to the mental element in evolution. Iti Lamarckism

it took a foremost place. "Every considerable alteration in

the local circumstances in which each race of animals

exists," wrote Lamarck, as summarized by Lyell, " causes a

change in their wants ;
and these new wajits excite them to

now actions and habits. These actions require the more

frequent employment of some parts before but slightly

exercised, and, their greater dovelojmient follows as a con-

sequence of tills more frequent use. Other organs no longer

in use are impoverished and. diminished in size, nay, are

sometimes entirely annihilated, while in their place now

parts are insensibly produced for the discharge of new func-

tions." * In the reaction against Lamarckism, the mental

element fell into the background. But those naturalists

who have kept abreast of philosophy are more and more

coming round to the view that mind and body are indis-

solubly connected—that the mind does not act ah extra, but

is an integral and essential part of the organic whole. In

two ways is the mind-element operative ; in enabling the

intelligent organism to avoid elimination, and in furthering

the process of selection.

I do not mean to imply that the mind-olemont can

originate anything, cxce))t in reaction to suiTounding con-

ditions, inorganic and organic. We are still quite in the

dark about origins. Elimination originates nothing ; it

merely crowds out failures. Selection originates nothing;

• Lyell, " Principles," 11th ed., vol. ii., p. 253.
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tlio favniu-ablo varieties must be there ero they can bo

chosen out for survival. When Darwin spealvs of tiie eye

as formed by natural selection, he uses, somewhat un-

jj;uar(Jo(liy, the language of metaphor. Wo are thrown back

n])ou variation, bodily and mental, as the origin. But how
originates this variation? In response to surrounding con-

ditions. True ;
but how ?

Starting, however, with variations, somehow conditioned

and in some way caused, it has been my object to show that

thoy are, under Nature, subjected to a double process—

a

process of elimination—weeding out the unfit, and a procoss

of selection—choosing out the more fit. Of tliese, elimina-

tion is the more universal, selection only coming into play

when intelligence has definitely appeared on the scene of

life. Of the three kinds of variations—favourable, neutral,

and unfavourable, elimination only gets rid of the unfavour-

able, leaving both the favourable and the neutral in posses-

sion of the field, except in those cases where severe and

long-continued competition has rendered even the neutral

variations relatively unfavourable. Selection, on the other

Iiand,pi(;ks out only the favourable variations; so that under

selection alone, the occurrence of useless structures or fea-

tures would bo anomalous. Both princi])]os have been opera-

tive imdor nature ; and both are in(!lude(i under Mr. Darwin's

terms, " Natural Selection " and " Sexual Selection."

In conclusion, let me say that I am not so foolish or so

vain as to suppose that what I have here written and else-

whore taught is likely to effect a revolution in biological

nomenclature. Whether the occasional use of the term

"Natural Elimination," alongside of and in subservience to

Natural Selection, would be of service to those who are

students and teachers of Evolution doctrines, I must leave

others to judge.



ixan of tbc C^cttfj.

By R. SHINGLETON SMITH, M.D., F.R.C.P., B.Sc.

[Ahslrad.]

A TOOTH was sliown to be a modification of the liorny

epitliolium of the skin intimately associated with a

bony development from within : mammalian teeth being not

simply horny, nor bony alone, but made up of several struc-

tures variously arranged in different animals. The cha-

racters of a typical simple tooth were described, and its

transfoi-mations traced from its earliest period—the conical

projection in the mucous membrane of the gum, which,

being transformed into a layer of calciiied bony dentine and

covered with the epithelial enamel, forms the adult tooth.

The process of development of the milk and the permanent

teeth was given in outline, and the dates at which in in-

fantile life the germs of the permanent teeth are being

formed wore indicated.

It was pointed out that the function of the teeth is

mainly a mechanical one, that of mastication, in association

with the chemical action of the salivary glands
;
but that

nevertheless the structure of dentine gives indications of

vital activity, nutritive changes being found therein, where-
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as in onamol we have a higlily calcified iiiorgauie substance

with no indication of physiological activity.

Tlie principal evidence of vitality shown by dentine is its

great sensibility when diseased ; the presence of protoplasm

in the tubular structure, and the fact that nerve filaments

are found in it, derived both from the pulp and the perios-

teum, give reasons for this.

The vital charaeteristics of the dentine are most marked

in intra-uterine life, and depend therefore on the health of

the parent. Defects arising from this cause are added to

by improper feeding in early life
; but injury done at this

period remains invisible, and only comes into prominence

years afterwards, when the tooth appears above the gum.
The various congenital defects of structure duo to imperfect

formation of the dental tissues were shown to be the

principal predisposing causes on which decay of the teeth

depends.

The conditions in the mouth which favour chemical

activity, and the physiological activity of tlie tissues and
ferment germs found there, were then reviewed. In health

the tendency to disintegration is resisted, but morbid con-

(Htions favour the action of the disintegrating forces. The
contrast, between the normal transformation of the teeth in

old age, leading to tlieir ultimate death and falling out with

absorption of their supporting bony framework, with the

premature decay and disintegration from caries in earlier

life, was pointed out, the one a physiological but the other

a pathological process.

Caries, or decay of the teeth, was described as a gradu-

ally progressive disintegration of the enamel and dentine,

beginning always at the surface, generally in uneven rough

places where food might lodge
; the macroscopic and micro-

scopic appearances were pointed out, more particularly the

B B
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widening of the tubules of the dentine and the constant

presence there of micrococci and bacteria. The microbes

commonly found in the month, introduced soon after birth,

inhaled and taken in with food and drink ever afterwards,

and always teeming along the whole alimentary cana\ had

been shown to be intimately associated with dental decay :

twenty-two different kinds had been described by Miller, of

Berlin, as existing in the mouth, and sixteen of those were

acid-producing, therefore aiding the disintegrating action

of the acid fermentation of the saliva. The two funda-

mental conditions associated with caries :

a. Decalcification by acids,

6. Growth of microbes,

were then discussed. It was pointed out that the saliva is

easily rendered acid by food decomposition; and the food,

acting as a sponge, absorbs and retains the acid in the

cracks and flaws on the surface of the enamel. This tissue,

having little power of resistance to chemical influences, be-

comes destroyed by a process of mechanical and chemical

erosion ; this is the first stop in dental caries, which must

of necessity commence at the surface ; but the tubular

structure of the dentine will render it an easy prey to germ

disintegration when once a way has been found for germ

penetration through the covering of impermeable enamel.

It was mentioned that caries can be produced in hippo-

potamus ivory under the ordinary conditions found in the

mouth ;
but that acids alone will not produce it if germs be

excluded.

As regards the great and increasing prevalence of dental

caries, it was stated that the incidents and accidents of a

lifetime are more than sufficient to account for tooth de-

struction before the advent of senile decay ; the wonder is

that teeth last as well as they do. Even if no congenital
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defects are present, the effect of all acute diseases, the

accidents and diseases which influence the acidity of the

buccal mucus,—dyspepsia and vomiting, for instance,—and

dofcctivo nutrition of all kinds {e.g. anffimia, phthisis, dia-

betes) must be to favour the disintegrating action of the

chemical and parasitic forces ; where, however, the start in

life has been bad, perfection in structure is ijupossible, and

those influences will be still more harmful. The effect of

the mechanical action of accumulation of tartar, the action

of heated fluids and iced water, and inattention to dental

cleanliness, are obviously potent for harm. The measures

necessary to insure preservation of the teeth were classified

as preventive and curative. Poorness of dental organiza-

tion could only bo remedied by pre-natal advice, and treat-

ment calculated to insure a vigorous maternal system. The
creation of people in accordance with the known axioms of

physiology,—in fact scientific human breeding,— is as yet a

dream of the future. Improved education will remedy

much of the bad feeding and bad hjrgienic surroundings

which deteriorate the health of early infancy, and lay the

foundations of future caries. Local treatment may bo

summed up as absolute cleanliness ; abolish fermentation

from the mouth by chemical, mechanical, and antiseptic

agencies. Antiseptics and antacids, with the aid of the

tooth-brush, will do much to prevent what the dentist aims

at stopping by processes which exclude air, fluids, food, and

fungous growth.



Ikmarhs aboitt ^ti\h,

AND THEIR SO-CALLED "BALLAST-BAG."

BY A. J. HARlilSON, M.B.Lon.

Head December 1st, 1887.

Seals are true Mammalia. Order, Garnivora ; sub-order,

Finnipedia, (a) Phoco', (h) Otaricv.

r
I
THE Fliocw are the seals most usually found in the

-*- northern hemisphere, the species Vitulina being the

one found around our coasts. They are valuable for their

skins, which are tanned into leather, and also, more or

less, for the oil which their blubber or fat yields. The

Otarim belong to the southern hemisphere. They are mucli

larger than the I'hoca;, and have received the names of

sea-lions, sea-bears, and sea-elephants, according to their

supposed similarity to these animals respectively. The

Otariai are noted for their beautiful fur, which with their

skin, tanned and prepared, is used to make ladies' mantles,

muffs, etc., of; which, as most of us know, although very

beautiful, are very costly.

Then I would like to remind you that these seals—and I

am now using the term in a very general and inclusive

sense—are animal feeders, true carnivora, only their chief

food is not flesh but hah. Some of them however are not
290
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nverse to captaring and devonring sea-birds, when tliey

have the chance, which they seize very adroitly as the birds

are swimming about. Certainly seals could never capture

them on the land.

Further, if you examine the dcntilvm of the carnivora,

you will notice that they have a certain fixed arrangement

of teeth : they have incwors in front of the jaw for grasp-

ing and holding their food ;
canines, usually four in number

;

and also molars, for cutting and triturating purposes. These

molars vary in accordance with the varying work they have

to perform, being sharper and more trenchant where masti-

cation is slightly done. Seals have very trenchant molar

teeth, a circumstance which I regard as of great importance.

I have alluded to a few of the leading characteristics of

seals, but it is beyond the scope of my paper to go into any

lengthened description of these creatures ; but I may refer

to the fact that they are intelligent and easily tnraed, and

then become very affectionate and demonstrative to their

keepers. They can be induced to utter sounds, which are

said to be very intelligible to those accustomed to them
;

and most, if not all, of the so named " talking fish " belong

to this sub-order of the anim.al kingdom, and are not fish

at all.

We have had from time to time many specimens of seals

in our Zoological Gardens, and it has been a great source of

])loasure to me to watch the habits and vagaries of these

and our other animals ; but I do not remember seeing more

than one species of seal in the gardens, viz. the Phoca

vitulina of the British coasts and of the Atlantic. Several

specimens have been presented to us which have been taken

off the shores of Newfoundland and Nova Scotia.

The specimen which is in the Gardens at the present

time, and which is very lively and amusing, was taken in-
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tlio Wyo, iicav Chepstow, about eigliteen months ago. Seals

are very fond of salmon—a good taste not limited to seals
;

and thoy frequently pursue this desirable prey up the

estuaries and rivers for many miles. Fishermen know this

predatory habit of seals but too well, for in pursuit of the

salmon they offen do great damage to the nets.

However the one now in captivity in the Gardens was, I

suppose, too venturesome, and got trapped in the net, and

was brought over to Clifton and purchased by the Society;

and then became a companion to another animal, which had

most kindly been presented by C. T. Bennett, Esq., the

Newfoundland merchant of this city.

The two had not been companions very long when the

latter one died. An examination of the body revealed the

fact that its stomach was full of stones— the gravel chiefly

of the Gardens—nuts uncracked, and pieces of hair and

stick. The intestines were small and contracted, as though

but little food had passed along them recently ;
and in

some brief notes which I made at the time I entered the

cause of death as being due (secondarily at least) to starva-

tion or inanition. This I now believe to have been an

incorrect statement, as the sequel, I think, will show; but

anyhow I knew then no other cause of death, nor do I now.

During this last summer I visited a relative, the Ilev. ¥.

W. Bindley, Vicar of Gosforth, near Newcastle-on-Tync,

atid who had lived for many years at the Cape of Good

Hope. As a boy he took a deep interest in natural history,

and inherited a fondness and aptitude for noticing the

habits of birds and animals.

At the Cape there are or were very extensive seal lisheries,

the Cape seal being the Olaria pmilla—one of the so-called

sea-lions. These are a large species, and some of them

display a magnificent growth of hair, which forms a regular



KEMAKKS ABOUT SEALS. 293

mane,, and gives them a very striking resemblance to a lion.

At the Capo fisheries it was not an unusual thing for the

fishermen to find, on opening these Otarur, a bag containing

a quantity of stones. Here is a good specimen, which I

will hand round shortly. Now for what are those stones ?

What purpose do thoy subserve in the animal economy ?

The tradition among the fishermen is, that these stones,

or pebbles, are taken in by the animal to make " ballast "
;

and they assert moreover that this bag is not the stomach,

but a separate receptacle, which they call the " ballast-bag."

They say that when the seals get very fat they cannot sink

easily in deep water, because specifically they become

lighter, and hence to counteract this difficulty they swallow

stones to increase their specific gravity. Now I am sure

you will agree with me that this theory is a very pretty

one— it is almost romantic ; and if we can only back it up

with facts or corroborative testimony, why I, for one, should

have great pleasure in accepting it, swallowing it as easily

as the seals seem to do these pebbles here.

Well, I was in conversation with Mr. Bindley one even-

ing, and our talk was a good deal about birds and animals

;

for we had spent a most delightful time at the Newcastle

Museum, where wo had seen some of the most beautifully

stuffed and arranged birds it has ever been my good fortune

to see ; especially I refer to those the work of Mr. Hand-

cock, who is acknowledged to be the prince of bird-stuffers.

Suddenly my cousin said, " Have you over seen the

' ballast-bag ' of a seal ? " I exclaimed, " No
; what do you

moan ? " He said, " I will show you." And he then brought

out tliis specimen which I have before me, told ine its

history, and of course the fishermen's pretty legend,

I was very much astonished, for I had never heard of

such a thing before ; but I naturally quickly associated my
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own little zoological exj)erience with the Cape tradition,

and I think you will agree with me that one seema to

corroborate and confirm the other.

It appears that when the ClMllenger expedition, under

the care of the late Sir Wyville Thomson, arrived at Cape

Town in the autumn of 1873, Sir Wyville's attention was

drawn to the tale about the " ballast-bag" ; when he stated

that he had examined many seals, but had never come

across any such condition of things, and evidently was

disposed to make light of the matter.

Some of the Cape scientists and others were rather

annoyed at this scant treatment of their ideas; and after

the departure of the Challenger a Ician] commission was

appointed to investigate the matter. This committee con-

sisted of Mr. Bensuson, of the firm of Bensuson & Co.,

who had then the Cap« fisheries ; Mr. Ansdell, a merchant,

of the firm of Ijcasight & Co.
;
Dr. McWalters, surgeon

of the 86th llogiment ; and Mr. Bindley. These gentle-

men were all interested in the subject, and felt very in-

dignant at Sir Wyville Thomson's way of treating it.

Accordingly Mr. Bensuson and Dr. MuWalters accompanied

the next expedition of seal fishers. They opened a number

of seals, the Otaria pusilla, and out of the number found

several bags. When an opportunity occurred some speci-

mens were sent to England, by a Cape medical student,

Mr. Vanderbyl, who had instructions to place them in Sir

Wyville Thomson's hands. This, I believe, was done ; but

unfortunately the speedy death of Sir Wyville, and then

shortly afterwards of the medical student, closed the affair.

Now I have the pleasure of showing you a " ballast-bag,"

which was got during this same expedition—the prepara-

tion being now about twelve years old—and which was

given me by Mr. Bindley this last summer. You will see
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at once, from tlic shape of it, that it is the true stomach of

a seal, most probably the Otaria pusilla, but I have no

positive information on this point. Thus you see here is

the organ with the swallow-tube, or cesophagua, near the

larger end ; and here the much narrower part, ending in the

pylorus, and being continued on into the small intestines.

In this dried condition tha stomach and its contents

weighed 2 lbs. 2 ozs. ; the whole length is 14 inches, and

the circumference around the largest part is 9| inches.

With tlie viwcus in this dried condition you will perceive

there is very little room for any food to be contained
; but

no doubt, during life, the capacity, in a softened and elastic

Hstato, would be very much greater, and a certain amount of

foo<l movement and digestion could be carried on. Before

making an incision into the organ for the purpose of

examining the contents, I soaked it in water ; and then,

when it was softened and relaxed, the internal space was
much increased, and I could move these apparently packed
stones upon each other.

I consider we have now suificient data to accept it as a

fact that these animals do, undoubtedly, swallow stones
;

the instance which I came across in the Zoolof^ical Gardens
and the testimony of several Cape gentlemen, must, I hold,

be of convincing potency. You may very naturally ask me
if there is any literature upon the subject, for in these days

everything noai'ly gets into print ; and in reply I must

admit I can gain very little testimony from this source.

I have searched a great many books and a good number
of records, and I have applied for information in likely

([uartors, but I have not much to offer. Mr. Wilson, the

excellent curator of our museum, very kindly found a para-

graph in the " Proceedings of the Zoological Society of

London," for the year 18G8, in which Mr. H. Brown
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writes a very long and interesting article, chiefly on the

seals of Greenland ; and on opening some of these animals

stones and gravel were found in the stomach, whilst similar

stones were found scattered about the spots on shore which

the seals frequented. The stones, if small, could no doubt

be passed through the intestinal tract ; but if as large as in

the specimen before us, they could not then be got rid of,

and not even by vomiting, although the structure of the

stomach would easily allow vomiting to occur. But I have

no evidence that it does.

This habit of stone-swallowing has also been noted in

a species of dolphin, the Beluga catodon, and I have also

evidence that porpoises swallow them.

Mr. Bland Sutton, Lecturer on Comparative Anatomy at

the Middlesex Hospital, and Pathologist to the London

Zoological Society, informs me that in all sea-lions which

have been examined by him after death a varying quantity

of stones has been found in the stomach. Ho says, " In one

case I saw two gallons of small rounded pebbles ; but I

have never seen them in the Phocm."

Professor Lloyd Morgan, of Bristol University College,

who lived at the Cape for some years, has kindly informed

me that a friend of his has seen Cape seals toss up stones

and catch thom in their mouth.

With all this evidence before us, we cannot, I think,

refuse to admit as a fact that the stones are swallowed by

these creatures, and done so designedly. The stones could

not get into the stomach accidentally, as from being en-

tangled in or adhering to their food.

The next point, why? With what object they do it is

not so easily answered. Are we willing to accept the pretty

Cape legend ? and if so, we must give seals credit for more

than ordinajy intelligence—chiefly instinctive in animals
;
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01' may wo look for some process which the stones subserve

ill the digestive oconouiy, such as triturating the iish which

are swallowed down almost whole? In this case they

might correspond, in some measure, to the gizzard-stones of

many birds. Or is the whole thing nothing more than a

mischievous and playful habit ?

When I examined the "ballast-bag" before us, a few

days ago, I observed that all the stones I could see, without

actually turning them out, were rounded and smooth, and

so could easily move about in the stomach in its natural

|)osition and condition. Bearing this in mind, and thinking

it veiy liJioly tliat these stones remain in these animals for

a good length of time, I wrote to Mr. Sutton this question,

" Did the stones you found in the sea-lions belong to the

locality, say the London Gardens, or elsewhere, wherever

the animals had been living at the time of death ? or did

they come from abroad ? " His reply is very significant.

" In all cases the stones found in the stomachs of the sea-

lions were new to the locality. They must have been in

the stomach in some cases for years. All wore beautifully

smooth and rounded."

Now with this evidence, imperfect as it is, before us, I

think we must set aside the Cape legend, and come to look

upon the habit of stone swallowing as one which has a true

physiological basis.

Seals seize their prey greedily, and swallow it rapidly,

their trencliant teeth not being adapted for much mastica-

tion ; but the presence of a number of round smooth bodies

in the stomach, such as these pebbles, would assist very

materially in breaking up tlie food.

I have no better suggestion to offer at present anyhow, and

I must therefore, whilst thanking you, ladies and gentlemen,

for your patient hearing, leave the question in your hands.



By Prof. WILLIAM RAMSAY, Ph.D., P.R.S., and

Pbof. SYDNEY YOUNG, D.Sc.

THE investigations, a description of whicli is given in the

following pages, were Tindortaken in order to arrive

at a more accurate knowledge of the relations between the

phenomena of the evaporation of stable solids and liquids, on

the one hand, and of dissociating bodies, on the other. But

as the relations of stable bodies as regards volume, tempera-

ture, and pressure had not boon fully investigated, our

experiments have beon largely directed towards the elucida-

tion of such relations. The question we have endeavoured to

solve is:—Wliat processes are actually in operation during

the evaporation or volatilization of a liquid or solid?

(1) It was necessary first to prove that the dynamical

method of measuring the vapour-pressures of solids gives

results identical with the statical method. This has long

been known to be the case with liquids. This led—
(2) To a proof of theoretical deductions by Kirchhoff, and

subsequently a,Tul independently by James Thomson, that,

at the same temperature, the pressure of vapour in contact

with a substance in the solid state is lower than that of

298
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vapour ill contact with the liquid substance, at all tempera-

tures below the melting-point of the solid. As the statical

method in Regnault's hands appeared to negative the

thermodynamical conclusion that the vapour-pressures of

liquids and solids were different below the melting-point of

the latter, the dynamical method was employed, which is, as

a rule, capable of yielding more accurate results than the

statical method.

(3) We next investigated the question regarding the

vapour-pressures, or, to use the ordinary term, pressures of

dissociation, of dissociable bodies. Do the statical and

dynamical methods also give identical results, in measuring

the vapour-pressures of dissociable bodies ? To this the

answer was,—In some cases they do, iu the majority of cases

they do not.

(4) It was found that our dynamical method of measuring

vapour-pressures was ap])licable, with slight modifications,

to liquids as well as to solids ; and as our experiments on

dissociable bodies had included measurements of the vapour-

pressures of acetic acid, a description of the method, along

with the results for acetic acid, was i)ublished iu the Trans.

Ghem. (S'oc, vol. xlvii., p. 42.

This was deemed necessary, on account of the contradic-

tory results obtained by Eegnault, Landolt, and Wiillner

and since Horstmanu's views as regards the relation of acetic

acid to ordinary dissociable bodies were based on Landolt's

determinations of vapour-pressures, these views were proved

to be incorrect.

(6) A method of obtaining constant known temperatures

suggested itself, by using the vapours of liquids boiling

under known pressures, these liquids being so chosen that

their boiling-points overlapped. This necessitated careful

determinations of the vapour-pressures of the following
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liquids, chosen on account of their stability, and the oaHO

with which they can be obtained in a state of purity : chlo-

robenzene, bromobenzeno, aniline, methyl-salicylate, and

bromonaphthalene. The vapour-pressuros of mercury, as

determined by Regnault, were at first taken to be correct

;

but it was found subsequently that they required redeter-

mination.

(6) Comparison of the vapour-pressures of the liquids

employed for maintaining constant temperatures led to

the discovery of four approximate relations connecting the

vapour-pressures of different substances; of these, two

apply also to the ratio between the heat of vaporization and

the increase of volume during the process of vaporization.

By means of these relations, the correctness of our

measurements of the vapour-pressures of acetic acid was

confirmed; and while these relations were proved to be

applicable to all the substances investigated by Regnault

in his classical researches, with the exception of mercury,

and to the 28 ethers investigated by Schumann, as well as

to oxygen and ethylene, for which data are furnished by
Olzewski, the vapour-pressures of mercury and of the fatty

acids (the latter determined by Landolt), proved the solo

exceptions.

(7) An investigation of the vapour-pressuros of mercury

at high temperatures by ourselves, and of the fatty acids

by Dr. Arthur Richardson, in this laboratory, proved that

they also formed no exception to the general rule. These

determinations also negative Kalilbaum's contention that

the vapour-pressures of stable substances measured by the

statical and the dynamical methods, are different.

(8) It was found that these relations hold with the vapour-

pressures of solids, as well ;is of liquids ; and in a separate

paper, the data for solid and for liquid broniiiio and iodine
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were furnished, and shown to form no exception. The

limit of pressure to which these relations apply is about

5000 mms. ; at higher pressures another term must be

introduced in the equation.

So far, our work had to do with vapour-pressures ; we
next proceeded to determine, within wide limits of pressure

and temperature, the relations of temperature, pressure,

and volume in the cases of (!)) methyl, ethyl, and propyl

alcohols, ethyl ether and water ; and (10) acetic acid. We
have also made use of previous determinations by Andrews

of these data for carbon dioxide, and by the Natansons for

nitric peroxide.

We have also obtained the data for a mixture of two

stable liquids, ethyl alcohol and ether, but those for a body

which dissociates into two or more unlike molecules on rise

of temperature are still wanting. These we hope to supply

at some fntxiro time. These will supplement our knowledge,

and wo believe confirm our conclusions as regards the

nature of liquids concerning which (11) we have drawn

certain deductions from the behaviour of stable liquids con-

trasted with that of acetic acid and of nitric peroxide.

Prom the measurements already made we are enabled (12)

to draw conclusions as to the continuous passage of sub-

stances from the liquid to the gaseous state at all tempera-

tures below and above their critical points.

These researches shall now be considered in order.

(1) The dynamical method of measuring the vapour-

pressures of solids gives results identical with those obtained

by the statical method {PMl. Trans, of the Royal Society,

1884, p. 37). Our experiments showed that at pressures

bolow 4-(> mms. ice has definite temperatures of volatiliza-

tion without melting, and for each pressure a definite

temperature. In the dynamical method, the substance
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1)oils or volatilizes at audi a temporaturo that its vapour

exerts a pressure just equal to the external pressure.

A modiiied Wollaston's cryophorus was used, with ther-

mometers dipping into each bulb. Water which had been

boiling for some time was placed in the bulbs, and boiled

down, so that the steam expelled the air very completely

from the apparatus. The opening through which the steam

escaped was then closed. By suitable manipulation the

bulb of one thermometer was coated with ice, not in contact

with the sides of the outer bulb. When this bulb was

surrounded by a hot bath, the other bulb being placed in

a freezing mixture, the two thermometers registered the

same temperature, but on admitting a minute quantity of

air, the thermometer coated with ice showed a higher

temperature than the thermometer in the condenser, by an

amount which could be approximately calculated from the

vapour-pressures of ico determined by liegnault, the air

admitted adding its pressure to the va])our-pressure of the

ice in contact with the sides of the condenser. Similar

results were obtained with benzene and witli acetic acid.

Determinations of the vapour-pressures of camphor by both

statical and dynamical methods were found to be completely

concordant. Tor the statical determinations, the camphor

was placed in a barometer-tube, with special precautions to

exclude air, and the tube was jacketed with the vapours

of pure liquids boiling under atmospheric. ])ressure. In

the accompanying figure, which represents the dynamical

method, A represents the block of camphor round the

thermometer B, inserted through an indiarul)ber cork into

the tube C, jacketed by the wider tube 1). C is connected

with the condenser E, from which a tube F passes to the

Sprengel's pump. Air could be admitted through a l)ranch

G, closed by an indiarubbor tube and a screw-clip.
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J

Fig. 1.

It appears from these experiments that the evaporation

at the surface of a solid is capable of indefinite increase

however much heat the solid receives ; and that the vola-

tilizing-point of a solid rises with rise of pressure and falls

with fall of pressure, as is tlie case witli the boiling-point

of a liquid; and moreover, that these temperatures are
sensibly coincident with those corresponding to their vapour-
pressures, a'hat they cannot bo absolutely identical is evi-

dent
; for there must be a certain excess of ju'essure to

produce a flow of vapour from the evaporating substance to

the surrounding space, and consequently tho evaporating

substance must have a higher temperature, correspondino'

to the higher pressure in its immediate neiglibourhood.

(2) The pressure of the vapour in contact with a sub-

stance in the solid state is lower than tliat of the vajiour in

contact with the liquid, at the same temperature for both

provided that temperature lies below the melting-point of

the solid {Phil. Trans. ^ 1884, part ii., p. 4fJl). This question

was experimentally investigated by Eegnault, with negative

results {Memoires, xxvi., p. 751-759). Regnault says :
" J'ai

c c
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constats quo la courbe construito sur ces oxporionces pre-

sentait une continuite parfaite avoc celle que donnent les

forces elastiques des vapeurs fournies par I'eau liquide

aux temperatures swporieuros k degre." He again says,

with reference to the other bodies examined: "En resume,

mes experiences prouvent quo le passage d'un corps de Vetat

solide a Vilat liquide no prodtdt aucun chaiigement appreciable

dans la courbe des forces elastiques de sa vapour ; cette courbe

conserve une parfaite regularite avant et apres la transforma-

tion." The conchision stated at the beginning of this para-

graph was derived from thermodynamical considerations by

Kirchhoff {Fogg. Ann., vol. ciii.), and by James Thomson

(Fhl.1. Mag. (4), xlvii., p. 447), and Sir W. Thomson {Tram.

Boy. Soc, Edin., 1851, March 17th).

Our first experiments were with camphor, by the statical

method. The pressures were found for many temperatures

up to the melting-point (175°), and for liquid camphor up

to 198°; and it is very evident on the diagram that the

curves for liquid and for solid camphor meet at a re-enter-

ing angle at the melting-point. Similar results were

obtained for benzene by the dynamical method. The ap-

paratus shown in the wood-cut (Pig. 1) was employed, with

the addition of a second tube passing through the cork, so

arranged as to deliver benzene on to the bulb of the ther-

mometer, which was covered with cotton-wool.

It was found possible to cool acetic acid far below its

melting-point (16-7°), and keep it liquid, and a large number

of good results were obtained. The curves meet at about

16-3°, and below the melting-point are obviously distinct,

each being the result of numerous observations. Attempts

made with the greatest care by the statical method gave,

as with Regnault, no satisfactory results.

The next and last case taken in this paper is that of ice
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and wfitor. Comparative I'esiilts — i.e. boilinf^-points and

volatilizing-points for water and ice at ideiitioal pressures

—

were obtained between 0° and - B°. Tables are also given

of tlio volatilizing-points of ice, down to - I(;°, and these

results, when compared with those which James Thomson

obtained by recalculation of Regnault's data, are found to

give differences of vapour-pressure of ice and water greater

than his. But when the observed pressures for ice for

temperatures below 0° were compared with the pressures

calculated from a theoretical formula of Thomson's, it was

found that the observed results agreed more nearly with

those so calculated than with Regnault's results.

Fischer {Wied. Ami,., 188(!, p. 4(X)) has also ]:)ublishod data

for water and for benzene obtained by the statical method.

His results with water agree very closely with ours ; but,

he states that with benzene the vapour-pressure of the solid

is not identical with that of the liquid at the melting-point.

In a recent paper (FUl. Mag., 1887, p. (11) wo have pointed

out that Fischer made use of the formula, p = a + ht + c1^",

which is not well adapted to represent the relations of tem-

perature and pressure, in preference to the one suggested

by Biot, h<j p = a + ha'{ + cfi'), which is better adapted for

the purpose. Moreover Fischer did not make use of his

experimental results at low temperatures in calculating the

constants for his formula; if these errors be rectified, his

results confirm the thermo-dynamical conclusion. We took

this opportunity of redetermining the vapour-pressures of

benzene, and for the liquid we obtained results identical

with Fischer's
;
but for the solid somewhat higher tempera-

tures were found for tlie same pressures ; and we give

reasons why we regard our results as more probable, based

on experimental determinations of the heats of vaporization

of solid and li(iuid benzene, on the heat of fusion of solid
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benzene, and on the spociBc heats of the solid and liquid.

Our results have recently been the subject of a critique by

E. V. Helmholtz {Wied. Ann., N.P. 30, p. 401), which we

regard as justified. In our critique on Fischer's results wo

pointed out that the numbers given as theoretical must be

regarded as ordy approximate.

(.S) Do the statical and dynamical methods of measuring

vapour-pressure give identical results with dissociable

bodies? {PhU. Trans., 188G, part i., p. 71.) To answer this

question, experiments were made with chloral hydrate,

butyl-chloral hydrate, chloral methyl- and ethyl-alcoholates,

ammonium carbamate, ammonium chloride, phthalic and

succinic acids, aldehyde ammonia, metaldehydo, nitrogen

peroxide, and acetic acid ; besides chlorine hydrate and

ethylamino hydrochloride, from which no results were ob-

tained, and paraldehyde, which was found to be stable. As

a rule, the methods already described, were employed, but

with nitrogen peroxide and ammonium chloride special

methods were devised. It may be mentioned however that

with ammonium carbamate and ammonium chloride, cylin-

drical blocks were cut out of large blocks of the salt, and

wore drilled with holes to fit the thermometer. Phthalic

acid was dissolved in water, and the thermometer-bulb,

covered with cotton-wool, was dipped repeatedly in the

boiling aqueous solution, and then hung in a boll-jar over

sulphuric acid for several days untfl dry. With nitrogen

peroxide, asbestos was substituted for cotton-wool.

As the temperatures at which it was necessary to measure

the vapour-pressures of ammonium cldorido wore so liigh

that tlie sum of its vapour-pressure and that of mercury

would have exceeded the limits to which the ordinary

method is applicable, a piece of ammonium chloride was

placed in the closed end of a U-tube, and kept in position
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by a constriction in the tube. The open end of the U-tube

was connected with a gauge, the U-tube having been par-

tially filled with mercury. The U-tube was jacketed with
the vapour of mercury boiling under reduced pressures, so

that its temperature was known. Air was first completely

expelled from the closed end of the U-tube fiirough the

mercury by the vapour of the chloride. A largo number of

determinations was made by this method, and it was found

in all cases that, after a certain time, the rate of increase of

pressure at constant volume Avas constant, oven for many
hours. It was subsequently proved that this increase was
due to slow action of hydrochloric acid gas on mercury
(Than, Annalen 131, p. 131). Having ascertained the rate

of increase, it was possible to calculnie the true vapour-

pressure for each temperature. It is worth noting here

that the combination of dry HCl with dry NH^ is very

slow, even in presence of great excess of solid chloride.

With nitric peroxide, contact with mercury was inadmis-

sible. A very large, thin-walled bulb, sealed to a graduated
stem, was filled with mercury, and, in short, acted as an

extremely delicate thermometer. It was surrounded by an

outer, much thicker bulb, and the space between the two
bulba was filled with the vapour of peroxide

; this space

communicated with an external bulb at some distance con-

taining a little liquid peroxide. Keeping the temperature

of the pseudo-thermometer constant, by means of snow, any

change of pressure caused by alteration of the temperature

of the liquid nitrogen peroxide made the mercury rise or

fall in the graduated stem. Experiments were made to

ascertain to what pressures the readings on the graduated

stem corresponded. For temperatures higher than 0°, tJie

temperature of the psoudo-thermometor was kept constant

by running water.
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A few vapoiir-doiiHity determinations of some of tliese

aubstanoBH wore also made by Hofmann's motiiod.

The table on page 309 gives a summary of the results.

The behaviour of chloral hydrate deserves special notice,

because the temperature of volatili^iation was perhaps not

strictly independent of pressure, for at low pressures it was

])0ssible to heat the substance above its melting-point with-

out molting; and the lower tlie pressure, the higlier the

temperature to which it could be raised. When the pros-

sure was raised to about CO mms. the temperature gradually

fell, and on reaching the melting-point, 50-()°, the sub-

stance molted. It could again be caused to solidify by

lowering the pressure at once, and the temperature then

rose again.

It may also be noticed that it made no difference in the

results with aldehyde ammonia and ammonium chloride,

whether the pressure was raised by admission of air, or of

either of the gaseous constituents of the dissociating com-

pound.

It is evident that these substances may be divided into

two groups: that in which the curves representing tempera-

tures of volatilization and vapour-pressures are identical

;

and that in which these curves are distinct. The members

of the first class behave like stable solids and liquids ; and

the class includes the three substances, ammonium chloride,

nitrogen peroxide, and acetic acid. With the first of these,

dissociation is nearly complete 60° below the temperature

of volatilisation at normal pressure ; with the second, dis-

sociation amounts to less than 20 p.c. at its boiling-point

;

while the dissociation of acetic acid rests on indirect

evidence.

The second group, which contains the rest of these sub-

stances, may be divided into two sections : that in which
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pressure has no apparent influence on tlio temperature of

volatilization ; and that in which its influence is partial.

Judging from the determinations of vapour-density which

have been made, it may fairly ho stated that those sub-

stances which show the greatest amount of dissociation

show also the greatest divergence between the curves, and

the least connection between temperature of volatilization

and pressure.

If a substance is capable of existing in the gaseous state

with only partial dissociation, it exerts pressure which is

the sum of the vapour-pressure of the undecomposod sub-

stance, and of the bodies resulting from its dissociation. If

these two pressures could be determined separately by

experiment for a series of temperatures, we should have

two separate curves, the resultant of which would bo that

representing the pressure determined by the barometer-

tube method. Now the combination of two such curves

might yield a curve of double flexure, as shown in oar

original memoir {loc. cit. p. 120) ; and an indication of this

may possibly be seen with succinic acid. Or it may give a

curve with an abrupt change of direction, and phthalic acid

may afford an example of this. Or, lastly, the curve may

be indistinguishable from an ordinary vapour-pressure curve,

as is the case with most substances.

It may be also noticed that a dissociable solid, evaporat-

ing from a free surface, undergoes no fractionation, the

residue having always the original composition ; while a

dissociable liquid undergoes fractionation.

4. Vapour-pressures of acetic acid— correction of former

results (Trans. Cliem. Soc, 188.5, p. 42 ; and 188G, p. 80.5).—

The following table summarizes our results, and contrasts

them with those of Eegnault (R.), Landolt (Ij.), and Wiill-

ner (W.).
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Tempera- E. and Y.
n. L. W.

ture. Solid. Liquid.
'

,

^

mms-. mriiN. Dims. JIM)I,S, 1UJU«.

0° 202 8-30 3-23 to 4-89 7-6

10 5-li) 0-88 6-30 to 8-20 12-1

20 11-73 11-58 to 13-65 18-9 iii-o

30 20-(;i 29-1 30-5

40 34-77 44-1 45-5

50 56-56 66-0 72-0

CO 88-94 97-4 107-3

70 13G-0 142-0 1.55-2

80 202-3 204-3 232-9

90 293-7 2',IO-6 346-7

100 417-1 408-5 473-0

110 580-8 ...

120 794-0
...

Results aro .also given by Biuoan, at 15°, 7-70 mms. ; at

22°, 14-5 uima. ; at 32°, 23 mms. ; and by Naumann, at 78°,

185 mms.

It will be seen that Landolt's and Wiillner's measure-

ments show little concordance with each other, and less

with those by Rognault, Binoau, Naumann, and ourselves.

5. Method of ohtaininrj constant known temperatures {Trans.

Ohem. Soc, 1885, p. C40).—In the following table, which it

is desirable to reproduce in full, the tomporaturos are those

of an air thermometer, and the proasuros aro in mms. oF

mercury at 0°. It is necessary in using the method of

jacketing with vapours to correct these pressures to mms.

of mercury at the temperature of the room, which can be

done graphically with sufficient accuracy. The determina-

tions of the vapour-pressures of carbon disulphide and ethyl

alcohol are Regnault's. The rest are our own.
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Catuion DisCLrniDE.-—Range from 0" to 50".

T. P. T. P. T. P. T. P.

0° 127-9 13° 224-05 20" 374-95 39" 596-85
' 1 133-85 14 234-4 27 389-2 40 617-5

2 14005 15 244-15 28 403-9 41 638-7

a 14()-45 10 254-25 29 419-0 42 660-5

ii,
4 1531 17 264-05 30 434-6 43 682-9

•'"' H'lO-O 18 275-4 31 450-65 44 705-9

107-15 19 286-55 32 467-15 45 729-5

7 174-fi 20 2!)8-05 33 484-15 46 753-75

8 182-25 21 309-9 34 501-65 47 778-6

9 190-2 22 322-1 35 519-65 48 804-1

10 198-45 23 334-7 30 .'i3815 49 830-25

11 207-0 24 347-7 37 557-15 50 857-1

la
1

215-8 25 3G1-1 38 576-75

Ethtl Alcohoi,.—Eange from 40" to 79°.

,1

T. P. T. P. T. P. T. P.

40° 1337 50° 220-0 60° 350-3 70" 541-2

! 41 140-75 51 230-8 61 300-4 71 564-35

42 148-1 52 242-05 62 383-1 72 588-35

43 155-8 53 253-8 63 400-4 73 013-2

44 1(13-8 54 265-9 64 418-35 74 038-95

45 172-2 55 278-0 65 437-0 75 (i65-55

1 4fi 181-0 50 291-85 06 45()-35 76 (593-1

: 47 190-1 57 305-65 67 470-45 77 721-55

48 199-05 58 319-95 08 497-25 78 751-0

49 209-C 59 334-85 09 518-85 79 781-45

CnLonOBSKZENB.—

B

ange from 70° to 132°.

T. P. T. P. T. P. T. P.

70^ 97-9 86° 181-7 102" 312-5 118° 512-05

71 101-95 87 187-3 103 322-8 119 527-25

r 72 106-1 88 194-1 104 333-35 120 542-8

73 110-41 89 201-15 105 344-15 121 558-7

74 114-85 90 208-35 106 355-25 122 575-05

75 119-45 91 215-8 107 300-65 123 591-7

76 124-2 92 223-45 108 378-3 124 008-75

j

77 129-1 93 231-3 109 390-25 125 626 15

78 134-15 94 239-35 110 402-55 126 043-95

79 139-4 95 247-7 111 415-1 127 002-15

80 144-8 96 256-2 112 427-95 128 680-75

81 150-3 97 205-0 113 441-15 129 699-65

82 156-05 98 274-0 114 454-65 130 718-95

83 161-95 99 283 25 115 468-5 131 738-65

84 168-0 100 292-75 116 482-65 132 758-8

85 174-25 101 302-5 117 497-2
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Bbomobenzenb.—Kange from 120° to 157°.

T. P. T. P. T. P. T. P.

120° 274!) ISO" 372-65 140° 495-8 150° 04905

121 283-05 131 383-75 141 509-7 151 000-25

122 292-0 132 395-1 142 523-9 152 683-8

123 301-75 133 400-7 143 538-4 153 701-05

124 311-15 134 418-0 144 553-2 154 719-95

125 320-8 135 430-75 145 568-35 155 738-55

120 330-7 136 443-2 146 583-85 150 757-55

127 840-8 137 455-9 147 599-65 157 770-95

128 35115 138 4(!8-9 148 615-75

129 361-8 139 482-2 149 632-25

Aniline.—Eange from 150° to 185°.

T. P. T. P. T. P. T. P.

150° 283-7 159° 374-6 1()8° 487 25 177° 025-05

151 292-8 160 380-0 1C)9 501-25 178 ()42-05

152 302-15 161 397-()5 170 515-6 179 ()59-45

153 311-75 102 409-0 171 530-2 180 077-15

154 321-0 163 421-8 172 545-2 181 695-8

155 331-7 164 434-3 173 560-45 182 713-75

15(5 342-05 165 447-1 174 576 1 183 732-05

157 35205 166 400-2 175 592 05 184 751-9

158 363-5 167 473-0 176 008-35 185 771-5

Mei HYI; Sai.iovi.ate.— Eange from 175° t(5 224°.

T. P. T. P. T. P. T. P.

175° 215-1 188° 313-05 201° 443-75 214° 615-05

170 221-65 189 321-85 202 455-35 215 ()30-15

177 228-3 190 330-85 203 467-25 210 045-55

178 235-15 191 340-05 204 479-35 217 661-25

170 242-15 192 349-45 205 491-7 218 677-25

ISO 249-35 193 359 05 806 504-35 219 693-6

181 256-7 194 3()8-85 207 517-25 220 710-1

182 264-2 195 378-9 208 530-4 221 727-05

183 271-9 190 889-15 209 543-8 222 744-35

184 279-75 197 399-0 210 557-5 223 701-9

185 287-8 198 410-3 211 571-45 224 779-85

186 296-0 199 421-2 212 585-7

187 304-45 200 432-35 213 600-25
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BnoMONAPTiiALENE.—Eaiige from 215° to 281°.

T. P. T. P. T. P. T. P.

215° 158-85 232° 248-3 249° 377-3 200° 557-0

210 l(>a-25 233 254-05 250 380-35 2(;7 570-05

217 1(17-7 234 201-2 251 395-0 208 582-7

218 172-3 235 207-85 252 405-05 209 595-0

21!) ]7(i-!)5 230 274-05 253 414-05 270 008-75

220 181-75 237 281-0 254 424-45 271 022-1

221 180 '(IS 238 288-7 255 434-45 272 035-7

222 I'll -05 239 295-95 250 444-05 273 049-5

228 lim-75 240 303-35 257 455-0 274 003-55

22t 202-0 241 300-9 258 405 275 077-85

225 207-35 242 318-05 259 470-35 270 092-4

22() 212-8 243 320-5 2(iO 487-35 277 707-15

227 218-4 244 334-55 201 498-55 278 722-15

228 224 15 245 342-75 202 509-9 279 737-45

229 230-0 240 351-1 2<)3 521-5 280 752-95

230 235-95 247 359-05 204 533-35 281 708-7

231 242-05 248 308-4 205 545-35

Mkbcdhy.—Kangc from 270° to 359°.

T. P. T. P. T. P. T. P.

270° 123-92 293° 211-70 310° .344-81 339° 538-56

271 12(>-97 294 210-50 317 351-85 340 548-04

272 130 08 295 221-33 318 359-00 341 558-87

273 133-20 290 220-25 319 3(;0-28 342 509-25

274 130-50 297 231-25 320 373-07 343 579 78

275 139-81 298 2.30-34 321 .381-18 344 690-48

270 143-18 299 241.53 322 388-81 345 601-33

277 140-01 300 240-81 323 390-50 346 612-34

278 150-12 301 2.52-18 324 404-43 347 023-51

279 153-70 302 257-05 325 412-43 348 034-85

280 157-35 303 203-21 320 420-58 349 640-30

281 101-07 304 208-87 327 428-83 350 058-03

282 104-80 305 274-03 328 437-22 351 069-80

283 108-73 300 280-48 329 445-75 352 681-86

284 172-07 307 280-43 330 4.54-41 353 694-04

285 170-79 308 292-49 .331 403-20 354 706-40

286 180-88 309 298-00 3.32 472-12 3,55 718-94

287 185-05 310 304-93 333 481-19 356 731-65

288 189-30 311 311.30 334 490-40 357 744-54

289 193-03 312 .317-78 335 499-74 358 757-01

290 198-04 313 324-37 330 .509-22 359 770-87

291 202-53 814 331-08 337 518-85

292 207-10 315 337-89 338 528-63

6. Eelalions between the heats of vaporization, and hettveen

the vapour-pressures of different substances. {I'hil. Mag.,
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1885, p. 515 ; 1880, pp. 33, 135 (vol. i.), p. 32 (vol. ii.)~-In

the tliermodynamical equation,

L _ dp T
Sj— Sg dT ' J

(7"j=koat of vaporization : ,';^=vol. of unit mass of saturated

vapour; 83= vol. of unit mass of liquid
;

i|^=rate of in-

crease of ])ressure per unit rise of temperature
; .7"=mecliani-

cal equivalent of heat), the following relations hold : (1)

The amount of heat required to produce unit increase of

volume in the passage from the liquid to the gaseous state,'

at the boiling point under ordinary pressure, is approxi-

mately constant for all bodies,
L

(2) If the

amounts of heat required to produce unit increase of

volume in the passage from the liquid to the gaseous state

bo compared at different pressures for any two bodies, then

the ratio of tJio amoiint at the boiling-point under pressure

^5j, to the amount at another pressure p^, is approximately

constant for all liquids. It follows, that the external and

total work bear an approximately constant ratio to each

other at any one pressure, whatever be the liquid. (3) The

values of
dp

dT
T are approximately the same for all stable

bodies at the same pressure; but the differencos are real, and

are not duo to errors of experiment or of calculation. (4)

The rate of increase of this value, '-£^^ T, with rise of pres-

sure, is the same for all stable bodies, at any rate for

pressures between 150 mms. and 2,000 mms. The lirst and

third, and the second and fourth of these laws are identical,

but the proof rests on an entirely different experimental

basis, and is mucli more complete for the pressures than for
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the heats of vaporization. (5) A relation exists between

the ratios of the absohito tomporaturos of all bodies,

whether solid or liquid, which may be expressed in the case

of any two bodies by the equation ]i'=E + dt' - i), whcro

B is the ratio of the absolute temperatures of the two

bodies corresponding to any vapoiir-prossure, the same for

both ; li', the ratio at any other pressure, again the same for

both; c is a constant, which may be or a small plus or

minus number, and t' and t the temperatures of one of the

bodies, corresponding to the two vapour-pressures. It may bo

noticed that the equation B'= Ji + c{t' - t) in not symmetrical,

in as much as t' and t may refer to either of the substances

compared; but the difference, within 5,000 jams, is small,

and may be neglected. When c=0, B'=B,, or the ratio of

the absolute temy)oratures is a constant at all pressures
;

and this is the case with chloro- and bromo-benzene, ethyl

chloride and bromide, and with the 28 others investigated

by Schumann. If the vapour-prossurcs of a substance in

the liquid and the solid states be compared with those of

a third substance, the sign of fi (+ or — ) for the solid is

always contrary to that for the liquid. This has been

proved for acetic acid and for bromine and iodine {Trans.

Ohem. Soc, 188fi, p. 453). (6) For higher pressures than

6,000 mms., the more complex equation, B,'=B + c(t'~ I)

^.g'(;'_i)2 gives more accurate residts. (7) The equation

B'—B+ c{t'— t) holds where B' and B represent the ratios

of the products''^' T (instead of the ratios of the absolute
dT

temperatures) for any two substances at the same pressures.

Space will not permit of a proof of these relations
;
for

details we must refer to the original j)ap6rs.

7. Vapour pressures of w.ercury. {Tram. Chim.. Soc, 188fi,

p. 37).—The vapour pressures of mercury were previously
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determined by Regnault {Memoires de VAcach'tnio, vol. 21

pp. 230, 502 ; vol. 26, p. 520). His results appear to liavo

been regarded by himself as possessing no groat claim to

accuracy, and quotations are adduced in the original paper,

to this effect. If the relation B'= E+ c{t'—t) is true, then

it is necessary only to determine the vapour-pressures at a

few •widely different temperatures, and to compare them

with some standard substance. Wo have in this case

chosen water. The data are (1), determinations by ourselves

at 222-15°, 270-3°, and 280-2°, by an arrangement similar to

that described in the paragraph on the dissociation of

ammonium chloride (p. 306), but with the space at the closed,

end of the U-tube containing only mercury-vapour. The
jacketing vapours were mothyl-salicylate and bromonaph-

thalone. (2) Regnault's own determinations of the boiling-

point of mercury under atmospheric pressure, which are not

very concordant ; the mean however cannot be far wrong.

(3) Two determinations at the boiling-point of sulphur. In

this method, the mercury-vapour, generated in a small bulb,

which was heated by the vapour of boiling sulphur, exerted

its pressure on a column of mercury confining air, kept at a

constant temperature. The pressure was calculated from

the alteration of volume of the air. The results aro shown

in the following table :

Batio of ab-
aohito temp,
of mercury
and water 'at

proBBuro 3>.

1-G2fi2

l-(),504

l-()553

1-()!)13

1-6890

l-(i!)40

1-0984

l-73,'!8

1-7359

Absolute tempera
Temporatnro Temperature T't'OHinff*

tare of water at

Centigrade. Absolute.
X I VC7£Tl Li 1 V"

l)re88urc p.

222-1,5° 495-15° 34-4 304-5°

270-3 543-3 124-35 329-2

280-2 553-2 157-15 334-2

358-46 631-46 769-93 373-36

357-48 (i30-48 768-58 373-27

359-27 632-27 768-10 373-25

358-(i8 631-68 760-83 373-03

447-0 720-0 2896-0 415-26

448-0 7210 2901-5 415-36
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The value of c, if the temperatures of mercury are chosen

as ordinates, is 0-0004788 ; if those of water are chosen,

0-0009792. It was more convenient to employ the constant

derived from the absolute temperatures of mercury. The

method of calculation was as follows : A diagram was con-

structed, on which the ordinates wore the absolute tem-

peratures of mercury, and the abscissaa the ratios of

absolute temperatures of mercury and water, at pressures

corresponding to the absolute temperatures of mercury.

From the equation ll'=B+ c{t'— t), it is evident that the

points must lie in a straight line. A point was read, giving

the ratio at any one temperature ;
the absolute temperature

of water was calculated from the ratio
;
the vapour-pressure

of water corresponding to this temporaturo is the same as

that of mercury, inasmuch as the ratios refer to equal

pressures. Thus at an absolute temperature of mercury of

508°, tho ratio, as read from the line, was 1-6331. The

absolute temperature of water was thoroforo ,-'...... =311-0()°.

The vapour-pressure of water at 311-00°, ascertained from

Regnault's tables, is 49-466 mms. This is therefore tho

vapour-pressure of mercury at an absolute temperature of

508°. The ratios corresponding to other absolute tem-

peratures of mercury wore calculated from the equation

B = lt' + c{t'-i), the value of B being 1-6.331 when i( = 508°,

as given above. As the vapour-pressures of water are uncer-

tain below a pressure of 4'6 mms., it was necessary to calcu-

late the constants for a formula of the form log p = a + h a*'.

We append a table of comparison of results by different

experimenters ; the vapour-pressures for each degree at

higher temperatures have been already given on p. 314.
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Tcmji

0"

10

20
.-iO

40
50
()0

70
KO

i)0

100
120
140
ICO
180
200
220

RoffnaiiU.

0-02

0-02(>8

0-0372
0-0530

0-07(17

0-1120

0-U)43
0-2410

0-3.528

0-5142
0-7455
1-,5341

3-0592
5-9002

11-000

l'.)-!)0

34-70

TTfi.^011.

0015
0-018

0-021

002(;

0033
042

0-0.55

0-074
0-102

0-144
0-210

Hdrti^. H. ilnd Y.
'm.rn.s. 'HitliS.

0-000 li)

0-00050
0-0013

0-002!)

0-00(13 0-008
013 0-015

0-02() 0-02!)

0-050 0-052
0-0!l3 0-0!)3

0-l()5 O-KK)
0-285 0-270
0-77!) 0-7U»
1-93 1-7(13

4-38 4 013
!)-23 8-.'-)35

18-25 17-015

34-yo 31-!)57

8. Determinations of the va,pour-pressnreg of liquid and
solid iodine and bromine {Tram. CJiem. Soc, 188(!, p. 45.3)

confirmed our results as to the difference of the vapour-

pressures of a substance in the solid and liquid state at the

same temperatures; and also the I'elations described under

§ 6. From this research it appears that the boiling-points

of bromine and iodine under normal pressure are respect-

ively .58-7° and 184-35°
; and the melting-points, - 7-05° and

114'15°. The melting-pressures,

—

i.e. tlio vapour-})rcKsurc

of solid or liquid at the melting-point,—are for bromine,

44-5 mms., and for iodine 90 to 91 mms.
9. Tlio subsequent researches liavo reference to tlio rela-

tions of temperature, pressure, and volume of methyl-

ethyl-, and propyl-alcohols, ether, -water, acetic acid, and a

mixture of alcohol and ether.

The vapour-pressures at low temperatures were measured
by our dynamical method. Those at high temperatures, up
to the respective critical points, by a modification of

Andrews' apparatus, the tube containing the substance

being jacketed by vai)ours, as already described, and the

D D
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pressuroB being rcgiHterod by an siir-gaiigo, onrrcctod by

means of Amagat's recent determinations of tlio com-

pressibility of air. The constants for formulae of the type

log p = a + ha' + r,(i' are :

log b

log c

log a

log/3

For Metliyl Alcohol.

22;i070'.)6

i-2(;n)r)87

0-:)8r.5770

i-i)!)988110

i-!W5!);)7!)0

h and c are both

negative.

For Ethyl Alcohol.

.''rU720;)()

'i-OiOGi:!!

0- 00508,54

0-003.?75,38

l"9iK;82424

c is negative.

For I<lthor.

,5-!)8l!4771

0-5240258

i-57332.S8

1-90827459

I-991:J0336

and c arc both

negative.

For I'ropyl Alcohol.

a 4-479370

log h 1-3915059

logo 0-5509001

log a 0-001041423

log/j 1-9905702.5

c is, negative: t = t°C'— 20

For Acotio Acid.

0-700311

0-0879733

0-1102113

i -99881514

1-99450874

h and c are both negative.

Tlie values of
'

'", wlilcli were required in calculating the
dl,

heats of vaporization, were ascertained by calculating the

pressure one-tenth of a degree above and below the re-

quired temperature, and mtiltiplying the difference by .5.

The volume occupied by \ gram, of these substances in

the gaseous state was determined for low temperatures and

pressures by means of a modification of Hofmann's appara-

tus, in which pressure volume and temperature could be

altered at will. At higher tcmijoraturos and pressures

similar relations were determined l)y means of the modified

Andrews' a])paratus. With methyl alcohol the limit of

temperature was '24(f; with etliyl alcoJiol, 24(5° ; and with

the other substances, 280°. For a description of the
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meLl)0(ls and .apparatus tlio memoir on otlier must bo con-
sulted. As the data are very voluminous, wo cannot <rivo

them here, even in abstract ; but we may mention that they
comprise—determinations of the compressibility of etliyl

and propyl alcohol, other, and water, both in the liquid

and in the gaseous states
;
the volumes of all the liquids

at pressures equal to their vapoui'-prossuros at the tempera-
tures of moasuromcnt, or " ortliobario " volumes of liquid •

the volumes of the saturated vapour, or " orthobaric

"

volumes of gas
;
from these the densities of the unsaturated

and satriratod vapours (H at f and p mms. = 1), within wide
limits, were calculated. The heats of vaporization were then
calculated for definite temperatures by means of the thermo-

I^_^dp T
- s„ (IT

dynamical equation. It may bo here mon-
•'1 - S3 ax J

tionod that tlie apparent critical temperatures and pressures
are for methyl alcohol, 240-0° and 59,700 mms. ; for ethyl
alcohol, 243-1° and 47,650 mms. ; for propyl alcohol, 2C3-G4°
and 38,120 mms. ; and for ether, 193-8° and 27,080 mms.

10. The data for acetic acid are given in the Trans. Ghent.
Soc, 188R, p. 790. The orthobaric volumes of the liquid are
determined between 1.3° and 280° ; the vapour-pressures
between - 5° and 280° ; the densities of tho vapour, satu-
rated and unsaturated, between 50° and 280°. The heats of

vaporization were also calcvilatod.

11. The Nature of Liquids' {Fhil. Mag., 1887, p. 129).—Tho
striking analogy between tlio evaporation of liquids and
the dissociation of chemical compounds has led Naumann
and others to suggest as probable that the molecules of a
liquid consist of congeries of gaseous molecules, and present
analogy with tho molecules of a compound body ; differing

however in this respect, that while the molecules of com-
pounds result, as a rule, from tho combination of unlike
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gaseous molecules, those of stable liquids consist of like

molecules. The opposite view is taken by Van der Waals,

and the question is well stated in the preface to his work

on the Continuitat dcs gasfiirmigen u. fliissigen Znstandos :

" Streng genommen, habe ich noch mehr beweisen wollen,

namlich die Identitat beider Aggregatzustande. Findet

niimlich die schon zum Theil begrundete Vermuthung, dass

audi im fliissigen Zustand, die Molekiile iiicht zusammen-

falleu um grossere Atomcomplexe zu bilden ihre voile

Bostiitigung, so gibt es zwischen den boiden Zustiindon nur

noch den Unterschied der grosseren odcr kleineren Dichte
;

mithin, nur einen quantitativen Unterschied." The suppo-

sition that the complexity of the molecules is different in

the two states, is, we consider, negatived by the following

coTisidoratious :—The vapour-density of a gas may become

abnormally high by either or both of two causes: the

existence of complex molecules (congeries of gaseous mole-

cules in the gaseous state) ; or by the greater propin(puty

of the molecules of gas, caused by their mutual attraction.

Wo found with alcohol, that the density of the saturated

vapour was normal at temperatures below 40° or 50°, and

remained normal down to 13°, the lowest temperature at

which observations could bo made. With ether the vapotir-

density was approaching normality at 13°, and from the form

of the curve woiild have doubtless become normal at a lower

temperature. In both cases, witli increase of temperature,

and corresponding increase of pressure, the density of the

saturated vapour increased towards the critical point with

accelerating rapidity, until, at the critical point, the mass

of unit volume of tho saturated vapour was equal to that

of the liquid (Fig. 2).

At the critical point the heat of vaporization of a stable

liquid is theoretically zero ; below that temperature wo
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found it to increase with alcohol and with other as the

temperature fell. With ether the increase was found to

M0°

U M kl) so

Kig. 2. Viipoiu- UeuBitios of Alcohol (11 = 1 at t" and p mm.).

1)0 continuous to the lowest observed temperature, 13°;

whereas with alcoliol it becomes practically constant below

mo'

joecaior/r' seo 100 ji

Fig. 3. Heats of Vaporization.

about 20° (Fig. 3). Our calculated numbers correspond well

with direct measurements by various observers, at the boil-
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ing-points tinder atmospheric pressure. With methyl and

propyl alcohols similar results wore obtained.

With acetic acid the results wcro very diiferent. On

raising the temperature above 150°, the density of the

saturated vapour increased as with other liquids ; but below

that temperature (at which the vapour-density was 50-06,

the calculated density being 30) the vapour-donsity, instead

of continuing to fall, rose more and more rapidly with fall

of temperature, until at 20° it was approximately 5i), and

apparently, from the form of the curve, was continuing to

rise more and more rapidly with fall of tompcraturo

30 m io to

Fig. 4. Vapour JJeiisities oJ Acetic Acid (H = 1 at t" and p mm.).

(Fig. 4). It may bo mentioned that direct observations by

Binoau give nearly the same value.

The curve representing the heats of vaporization of acetic

acid at various temperatures also differs entirely in form

from those of the alcohols and ether; for it exhibits a

maximum at 110°, and decreases both with rise and with fall

of temperature (Pig. 3). It is difficult to draw any conclusion

from a comparison of our measurements of this quantity at

^
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the boiling-point under atmosplioric pressure witii those
of other observers

;
but it may be stated that our result

differs far less from the observation of Pavre and Silber-

mann than theirs does from that of Berthelot.

Messrs. E. and L. Natanson have recently published a

research on the vapour-densities of nitric peroxide (NO, or

'^2*^''i)j which, taken in conjunction witli oxperimonts of ours

on the vapour-pressures of that body, show that nitric

peroxide behaves like acetic acid, the density of its saturated

vapour rising with fall of temperature, but in their experi-

ments never exceeding that of NgOj.

It appears to us that these results negative the chemical
explanation of the constitution of liquids; or, to confine

ourselves to known cases, of the alcohols and of other.

The molecules of these liquids cannot, we think, be re-

garded as complex, consisting of gaseous molecules in

chemical combination with each other, as, for example,

ra Ca H(. 0, where n is any definite number. Wo believe

rather that the physical explanation of the nature of

liquids is the correct one, and that the differences between
liquids and gases lies merely in the relative proximity of

their molecules. The chief argument for this view is that

it is difficult to conceive that the rise of vapour-density of

acetic acid both at high and. at low temperatures can be

produced by the same cause under conditions so radically

different; for at high temperatures we have conditions

unfavourable to chemical combination, but, owing to the

necessarily high pressure, the molecules are in close

proximity ; whereas at low temperatures, the conditions are

favourable to chemical combination, while the molecules,

owing to the corresponding low pressures, are very far

apart. The increase in the density of the saturated vapour

of acetic acid at low temperatures is therefore, in all pro-



320 RESEAnfiHES ON EVAPORATION AND BISSOCTATtON.

bability dno to chemical combination between the simple

molecules, while the increase at high temperatures is due to

a general attraction (cohesion) of the molecules for each

other. In other words, the cause of abnormality at low

tem.peratu.res is a chemical one ;
at high temperatures, a

physical. Now the increase of the density of the saturated

vapour at liigli tompej'atures is common to all bodies
;
but

the increase at low temperatures is only exhibited by such

bodies as acetic acid and nitrogen peroxide, which, there

is every reason to believe, undergo dissociation. Its absence

in the case of the alcohols and ether affords a strong argu-

ment against the existence of chemical combination, between

tlie simple molecules. But it might bo asserted that in the

2)assage from the gaseous to tlie liquid state combination

occurs. That this cannot bo the case is evident from a

consideration of the behaviour of liquids near their critical

points. For the specific volumes of liquid and gas, just

below the critical point, are nearly equal
;
and were the

liquid to consist of congeries of gaseous molecules, t.hoi-o

would necessarily be fewer molecules in unit volume of tlio

liquid, tlian in unit volume of the gas,--an improbable

conception.

Horstmann has also made experiments on tlie vapour-

densities of acetic acid. In his first paper {Berichlf;, 2,

p. 299), he suggested that a difference should exist between

the forms of the curves representing the densities of the

saturated vapour in the case of a true dissociating sub-

stance, .and of acetic acid. He supposed that the vapour-

density of dissociating substances increases with fall of

temperature, but that in the case of acetic acid it do-

creases; and in his seciond [)apor {llerichte, 3, p. 78), lie

gives experimental determinations of the density of the

saturated vapour, which, using his calculations, confirm
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his view, altliougli tiiey are in direct contradiction to tlie

experimental evidence adduced by Bineau {AnnaUn, 60,

p. 157) and by us. But in bin calcubitions, lie ouiployed

Landolt's vapour-pressvxrcs, whicb, at the lowest tempera-

tures, n,ro nearly double those obtained by E,egnault and

by us. On recalculating his results with true vapour-

prossures, it is foujid that there is a tendency for the

density of the saturated vapour to rise, instead of to fall,

with decrease of temperature, though the results are not

suflicieutly concordant to bo iilottcd in the form of a curve.

(For details, see Trans. Ghom. Boc, 188(5, p. 809.)

Whereas, with the alcohols, and with ether, as soon as

condensation i'rom gas to litpiid occurs, pressure remains

constant until condensation is complete, with acetic acid,

and with chloral ethyl-alcoholate the pressure continues

to rise, implying the condensation of the more complex

niolocuUw before tlie simpler ones; in fact, the substance

behaves like the mixture of alcohol and ether, of which it

was impossible to determine the true vapour-pressures.

A soniowhat similar phenomenon was observed with

water, but in this case it was most noticeable before visible

condensation took place, and it was proved to be due to the

hygroscopic nature of the glass. Owing to this source of

error it was impossible to obtain direct determinations

of the density of the saturated vapour of water, but the

accuracy of the determinations of vapour-pressures was not

aifocted.

Many attempts have been made to discover an equation

which shall represent accurately the relations of tem-

perature, pressure, and volume of a substance in both the

liquid and gaseous state. The most important advance

was made by Van dor Waals, who proposed the equa-

tion (p+'\)(v~h)='llil+at) in place of the ordinary



328 BESEAnCHES ON EVAPORATION AND DISSOCIATION.

equation for a perfect gan, pv — Jl(l + at). Btit neither the

equation as proposed by Van der Waals, nor as modified

by ClausiiTS, Sarrau, and others, give rcmiltH which are

more than approximately correct; indeed, at very higli

pressures, the deviations become very largo.

A step in this direction has been made by the diwcovcry

of a simple relation between the pressure and temperature

of a substance in cither the liquid or gaseous state at con-

stant volume, which may be expressed by the equation

J)
= 6 y - rt, whore ^' is the absolute temperature, and /) and a

are constants depending on the substance and on its

volume. An equation eqiiivalent to this was found by

Amagat to l)e applicable to gases ; wo find that it holds

good for both ll(]uids and gases, at any rate within the

limits we have been able to reach in our experiments. In

order to construct an equation which shall represent the

results when, volume, as well as pressure and teniporaturo,

is variable, it is necessary to discover the relation of the

constants a and h to the volume, but this relation appears

to be a very complex one.



(Dii Mine nrinhing, anb its dEffccts

oil tijc Dummi lot)]).

By G. MUNllO SMITH, M.E.C.S., T..R.C.P.

/CONSIDERING the growing importance of the subject

^^ of alooliolic drinks, and the enormous consumption

of wine in this and other countries, I thought it might
bo of interest to gather together what is known as to its

action on our tissues, endeavouring to sift out what is

merely conjectural or false from what is reliable. With
this object I have put together the following notes. Of the

other vehicles by which alcohol is taken, I wish to say

nothing, the subject is too large ; and I am inclined more-

over to think that amongst the most important part of the

community, the educated classes, the effects, good or bad,

of alcohol are generally due to wine, not to spirits or beer.

Neither do I wish to touch upon the questions of morality,

social or individual, which the subject natui-ally evokes.

There are certain corollaries which inevitably follow

any definite knowledge as to the physical effects ; but until

that knowledge is tolerably certain, such deductions can

only lead to confused assertion and denial, not to rules fit

for any man's guidance.

We must distinguish at the outset between wine-drinking
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in large and in small quantities, between constant and

occasional use, and between strong and weak wines. Now-
a-days wine is usually drunk in much smaller quantities than

formerly
;
our reputation for deep potations is not so great

as it used to be, in spite of the amount sold. "I learned

it " {mj song), " in England, where, indeed, they are most

potent in potting," says lago : "your Dane, your Gorman,

and. your swag-bellied Hollander are nothing to your Eng-

lish." This is still true, but not so true as formerly. Tlio

" falling off" is partly, I think, duo to the alteration in the

human constitution bequeathed to us by our intemperate

ancestors, and partly because drinking is not so fashionable.

Men are now often ashamed to take too much. In reading

the biographies and histories of the last centni;y one is

struck by the fact that dnankenness was not looked upon as

particularly disgraceful.*

Politicians, soldiers, and literary men wore in the habit

of frequenting taverns and drinking wino to an extent we
can now only wonder at. Addison, Steele, Pitt, Theodore

Hook, and many other heroes did not think it beneath their

dignity to darken their brains with drink. The intem-

perance, both in eating and drinking, of our pious fore-

fathers, can be read of in the pages of Thackeray and in,

the narratives of Lord Cockburn. Their habits are chiefly

of interest here as sliowing what wo have inherited, in

many cases, from them.

Before noticing its effects on the organs ami tiHsnes of oui-

bodies, it is necessary to say a word or two al)out wine

itself.

The minute vegetable growth that produces alcoholic

* De Qiiincey (" GonfcHsiona of an Opium-Eater") nietiUoiiH that a

certain duke uned to say, " Next Friday, by tlie ble.«3ing o£ Heaven, I

propose to be drunk."
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fermentation consists of innumerable oval colls capable of

enormously rapid multiplication under favourable circum-
stances, such as moisture, nourisliment, and temperature.
M. Pasteur, who has studied the varieties of the genus
Torula to which this microscopic plant belongs, came to
the conclusion in 1883 that tlie quality of the wine depends
as much on the kind of germ as on the soil, sunshine, and
rain. There are probably several varieties concerned, such
as the Saccharomyces ollipsoideus, Sacch. exiguus etc.

These minute organisms, floating in the air in summer,
alight on the downy surface of the growing grape, and at

the vintage are thrown into the vats with the fruit, where
they work their changes on the grape sugar. Some clinging

to unpicked fruit fall on the ground and perish, others are

eaten by men and animals with the fruit to which they

adhere, and passing through the body spend their winter,

as Trouessart says, probably, in drain refuse, until the

summer.*

The process of fermentation soon begins when the grapes
are thrown into the vats. Pressure is usually applied to

squeeze out the juice, but in some Rhine wines the weight
of the mass of grapes is all that is used, and these are

considered the best. The methods of preparing have a

direct bearing on the subject, because there is an immense

difference, not oidy in flavour, but in the actual dietetic

value between good and bad wines ; so much so, that they

can hardly bo classified under the same heading, either as

beverages or medicines. In order that the ferment may
act efficiently on the solution of grape sugar, albuminous

matter must be present to forward its growth
;
also certain

salts. These exist in the grape in the form of small

' Microbes, Ferments, and Moulds." By E. L. Trouessart.
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quantities of vogotablo albumen, witli salts of sodium,,

potassium, and lime ; especially tartrates. If all the sugar
present is clianged by the ToruJa, and the carbonic acid gas
permitted to escape, wo have a " still " wine, such as claret

and hock
;
moreover, if no sugar is loft, it is said to be

"dry." If albuminous matter is deficient, the ferment has
not sufficient vitality to change all the sugar, and a " sweet "

wine results. If this is duo to excess of gra])0 sugar tliero

may be more alcohol present than in the " dry " wines. If

the still incompletely fermented fluid is bottled, the im-
prisoned carbonic acid gives rise to effervescing or " spark-
ling " wines.

Whilst in the vats, but still more afterwards by proper
keeping, a characteristic taste and odour, the "bouquet"
develops. This is partly due to the formation of others,

especially wnanthic, in small quantities. The vegetable
acids and acid salts of the fruit diminish as fermentation
goes on. The colouring matter comes from the skin of the

grape. In most wines there is a variable amount of tannin.

We have therefore rather a complex fluid to deal with
;

for we have salts, renanthic and other ethers, a small

amount of albuminous matter (in dry wines especially),

occasionally vegetable acids, often a considerable amount
of grape sugar, and usually a small, sometimes a moderate,

amount of tannin. The action of wine on the tissues is

the sum-total of the action of those ingredients. We may
dispose of the alhuminnus matter very shortly

; there is not

enough in any kind of wine to have any effect. No nourish-

ment can bo expected from this source.

The mlts are much the same as those found in the fluids

of our bodies; they slightly stimulate certain secretions,

otherwise they are inert.

Tannin, when in considerable quantity (which is rare in
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ovdhiary wines), sliglit]3r retards digoal-ioji in tlio stomacli.

It is found chiefly in coloured wines, but I liavo tested a

sample of sherry with a fair quantity in it. In a pamphlet
on the subject, I find it stated that " natural wines rich in

tannin are the most wholesome." This, I believe, is quite

erroneous; like strong tea, they retard the digestion of
albuminous foods. In health I cannot see how they can
be wholesome

;
in certain dyspeptic conditions associated

with copious secretion of gastric juice, or catarrhal states

of the stomach, they might do good.

The otliors in wine, although small in amount, are im-
portant, because they give the distinctive taste (together

with traces of essential oils), confer some stimulating pro-

perties, and perhaps by their easy diffusibility help to cause

the rapid action of wine on the circulation. The " bouquet

"

is therefore of value. It is absent, or nearly so, in certain

common kinds of wine.

The carbonic acid has an action of its own of a stimu-

lating character on the walls of the stomach.

Alcohol exists in the proportion of about 10 to 12 percent.,

being lowest in claret and hocks, and highest in some kinds

of port. In dry sherry there is about 1.5 per cent. ; in

champagne, about 15 per cent. ; in hocks, 7 to 12 per cent.

;

and in St. Eaphael wine, 15 to 16 per cent.

A moderate wine-drinker of to-day takes an ounce, more

or less, of alcohol, diluted, per diem; "five-" and "six-

bottle " men are dying out, and three or four glasses is

considered a fair allowance with dinner.

In most people good wine begins to act directly it enters

the mouth. This fact, long known to athletes, has been

explained as follows: The interior of the mouth (palate,

tongue, etc.), like all the rest of the face, is suj^plicd by the

fifth nerve. Stimulation of this nerve is said to cause
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dilatation of the vessels of tlie brain. Wino is suoli a

stimulant ; hence a freer flow of blood throngh the brain,

and the feeling of increased activity.*

The eifects of wine on the stomach (which depend in

a very great measure on the state of dilution of the alcohol,

the amount of tannin, acidity, etc.) begin quickly and do

not continue long, absorption soon taking place. On albumi-

nous food the action is unfavourable, except in dilute anil

small quantities, inasmuch as there is a certain amount of

hardening. For example, chopped egg was mixed with

a digestive fluid and placed in a uniform tempei'aturo of

99° F. in a glass heater. In another vessel an equal quan-

tity of egg and digestive fluid had some claret added,

another port, and another sherry. Mr. Baskott very kindly

estimated the amount of egg digested in each case and

found as follows :

—

1. Without any wino 2 centigram

2. With claret ... 1
7)

3. „ sherry ... -75
))

4. „ port ... -cr)
:>

In the living body however wo have various other factors

to consider; on albximinous food wine retards digestion;

it retards also the action of the gastric juice if above U)

per cent, alcohol is present ; it seriously interferes when

20 per cent, is present : but it also does throe other things.;

viz. it may increase appetite, it increases the vascvdarity

and churning movements of the stomach, and it increases

the secretion of the gastric juice.

• See Lauder Brunton's "Materia Medica," where it is pointed out

that all nations have the habit of stimulating this nerve when in deep

thought ; e.g., taking snuff, scratching the head, rubbing the nose or

chin, etc.
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Dr. Gluzinski* came to tte following conclusions :

1. That alcohol (as in wino and dilute spirits) disappears

rapidly from the stomach.

2. Tliat there are two j)hasos of its action : («,) a marked
decrease in the power of digesting allmminons bodies; but

(&) after this, when the alcohol has been absorbed, digestion

is more rapid than normal, and there is a more abundant
production of hydrochloric acid.

3. That those two phases do not seem to occur regularly

in diseased conditions, and in most forms of dyspepsia wine
is bad.

4. That a small quantity of dilute alcohol {e.g. wino) exerts

a favourable influence on digestion in healthy persons.

In the main I consider the above correct, but should

slightly modify Nos. 3 and 4, thus : In health, a sinall quantity

of good wine does no harm ; in dyspepsia, with congestion

or free secretion of gastric juice, it is probably bad
;

in

dyspepsia, with antemia and insufficient movement of the

stomach and small secretion of gastric juice (as in many
people leading sedentary lives), sometimes good.f

When absorbed into the blood, the ethers of wine seem
to be rapidly eliminated ; the alcohol forms with haemo-

globin a new compound which takes up and gives off oxygen

less easily ; hence wine in moderately large doses (1)

prevents oxidation and waste of the tissues, and (2) lowers

the temperature of the body by dilating the vessels of the

skin and causing an increased flow of warm blood on the

exposed surfaces.

Wino—and indeed alcohol in all forms—is almost unani-

* " Dent. Archiv. klin. Mod.," vol. xxxix. 1886.

+ It is impossible to lay down infallible general rules on this subject.

Statements are constantly made in an ex cathcdi-A manner, but must, like

tbe above, bo received with caution.

E E
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mously avoided by arctic travellers, and it is interesting to

note that in cold countries, such as Canada, Finland, and-

Norway, the amount consumed is very small compared with

warmer climates.* In large doses the diminution of tem-

perature from lessened oxidation is very marked.

The question, " Is Wine a Food?" maybe answered by

the preceding statements. It undoubtedly prevents waste

;

very little loaves the body as alcohol
;
this means that it

undergoes rapid change, and is therefore a source of energy.

Consequently it can take the place of food to some extent

in the absence of the latter. Hammond, on insufficient diet,

actually gained in weight when ho took wine. In virtue of

any directly nourishing properties, wine can never, by any

pcssibility, become a food.

On the tissues generally the effects of wine seem to

depend on the alcohol it contains, and on that only. In

excess it leads to increase of connective tissue chiefly by

direct irritation, partly by diminishing oxidation.

In investigating its action on the nervous system, we

must distinguish (1) its effects on the cranial circulation,

(2) on the nerves themselves.

1. By dilating the arteries of the brain it increases the

activity of the nerve centres for a time, especially the

rapidity of thought. Sheridan, Hartley Coleridge, Addison,

and many other wits are said to have felt this. Theodore

Hook could not give his wonderful improvisations, which

were " wont to set the table in a roar," either very early or

very lalo in the evening; before his faculties were warmed

by wiiio and conversation he was unsuccessful. Ijater on,

afis ! ho was, I suppose, apt to bo uncertain in his utterance.

• Franco Iicads the list of wiuo driiiliiiig countrief? with 119-20 litres

per head per annum ; in Canada, the annual consumption of alcohol in

all forms is ;!-'28 litres per head.
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Tliis rosulfc of quickening and brightening conversation

haa boon attributed to the dulling the perception of obser-

vation
; i.e. the relief of nervousness. Dr. Johnson says :

" Before dinner men meet with great inequality of under-
standing; and those who are conscious of their inferiority

have the modesty not to talk. When they have drunk
every man feels himself happy, and loses that modesty, and
grows impudent and vociferous; but he is not im])rovod, ho
is only not sensitive of his defects." " Wine only animates
a man

;
it puts in motion what has been locked up in frost,

but this may bo good or bad." *

Johnson however was singularly free from what is called

nervousness, and for other reasons was not an unbiassed
judge. There sooms to mo plenty of evidence that wine,

probably by its action on the cranial circulation, increases

that form of wit which consists in the association of objects

not usually associated and in detecting unexpected resem-
blances.

Many of the qualities attributed to wine drinking, such
as increased generosity, are due to the pleasant sensations

it often engenders, and to the frequent surroundings of

company and food, the body being satisfied and contented.

t

On the nerves themselves the action of wine, as of alcohol

in other forms, is almost entirely in the direction of

diminishing function. The nervous system appears to be

affected somewhat in the following order : 1, Judgment ; 2,

inhibition (control) ; 3, motor centres ; 4, cerebellum ; 5

* >Sec Boswell's " Lifo of Jolmson." BoswcU after plaguing Johnson

on this question at length, said, " You know, sir, wine makes us forgot

what is disagreeable ; would not you allow a man to drink for that

reason ? " Johnson :
" Yes, sir ; if he sat next you."

f "And body gets its sop and holds its noise,

And leaves soul free a little."

" Bisliop Blougram's Apology. " By E. Browning.
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mnsclea generally ; fi, reHpiratory ccDtros ; 7, heart. Under

No. ii cornea the interference with the power of speech ;
and

under No. 5 I should like to point out that the characteristic

half-drunken expression of face with the eyebrow raised and

the eyelid half shut is due to the early paralysis of the

Tjcvator PalpebrsB, and the consequent increased action of

the Occipito-frontalis to keep the eyes open.

Of the excessive use of alcohol I do not wish to speak,

except to say that it acts as a very sure, if slow poison ;
and

that its action on the tissues, and especially on the nervous

system of the parent, is very commonly handed down to the

offspring;, often in some form of mental aberration.

Summary and Gonclusion.

We may, I think, say in conclusion, that wine in its

etrocts on the Imman body must bo looked upon as a

mixture of several itigre<lients, and its action is therefore

complex.

That in moderate doses in. healthy people, provided it is

not too strong, it rather aids than retards digestion, but in

my opinion, in the perfectly healthy, it does neither ; in

strong doses it certainly very materially retards it. In

some conditions of ill health it may be beneficial, but no

broad rules can bo laid down. The feeling that wine is

wanted is certainly not an indication that it would bo of use.

On all points of the body its action depends on the .amount

taken and the degree of dilution ; weak wines are almost

always preferable to strong, uidess an immediate effect is

wanted.

I must again repeat that I believe good wine is so dif-

ferent in its action from ba,d, that they can hardly be

considered to belong to the same class of drinks.



C|)c €xoB$mc^ ot Jjcrns.

By col. ARTHUR M. JONES.

TDEFORE ontoriiif!; on the snbjoct of this evouiug't) paper,

J—^ I slioald liko, with your indulgence, to aay a few words

in jnstico to a naturalist of no mean order, who, though

])orhaps scarcely known to any of you, lived, and for many
years did good work, in your own district—I allude to the

Rov. Charles Padley, formerly of Bulwell Hall, Nottingham-

shire, and who died last year Rector of Envillo.

Mr. I'adley was a l)orn naturalist, and though chiefly dis-

tinguished as a botanist, lus interest was not confined to

that brancli of science. To him, more than any one else,

are the lovers and cultivators of British ferns indebted,

for ho was one of the most original, intelligent, persevering,

and successful of discoverers, and one of the most generous

also
; and as, in addition to other obligations which I, in

common with others, owe him in connection with such

matters, I have been chiefly indebted to him for the material

with which I have worked in my experiments in " The

Crossing of Perns," I fool it only just to make some acknow-

ledgment.

When Mr. Padley, leaving Nottinghamshire, made his

home in the West of England, and began to interest himself

8S<J
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with British ferns, it was not Innji; boforo iio was irresistibly

attracted by the exceptional beauty and almost oxhanstlesB

power of deviation of Polystichuni angularo— "'/'Ac Fern of

the South." And it was not unnatural that after a time,

appreciating it as he did, he should bo desirous that some

record of the more beautiful and marked varieties of this

fern should be left; and that possessing himself consider-

able artistic skill, great natural discrimination, and intense

interest in the subject, he should have contemplated pro-

ducing " a monograph of Polystichum angulare." Having

at that time in his employment as a gardener a young man

of great intelligence and general fitness for the work, ho

sent him to London to be instructed in the best system of

nature printing. It was not long before young Mr. Thos.

Smith had mastered all the details of the art, and, being of

an inventive turn, had hit upon several improvements in the

process, which enabled him to produce an olfect superior to

any previously attained in this direction.

Unfortunately, however, before Mr. Padley had done more

than collect material for his work, circumstances occurred

which forced him to abandon his design, to the lasting regret

of all interested in such subjects ; and probably the valuable

results of Mr. Smith's training would have been lost had I

not by accident become aware of his talent, and been instru-

mental in employing him, in the interest of " The British

Pteridological Society," to produce some nature prints of

the varieties of British ferns. Subsequently I employed

him myself in the issue of a more comprehonaivo series of

nature prints in illustration chiefly of the more marked

characters which run more or less completely through the

different species of British ferns. This work, extending to

between 200 and 300 plates, was concluded a few years ago
;

but since that time, many interesting experiments have
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been made in " The Crossing of Ferns," and it occurred

to me that some record on tliis point also might add to tlie

interest and completeness of the work, and that, as very

many of the experiments referred to had been made in this

neighbourhood, the subject might not be without interest

to your Society, who I thought were thus clearly entitled

to the offer of the earliest information. Hence my proposal

to read a paper. It had always been my intention that

one copy of " The Nature Prints " should remain in Bristol

;

and as your over-watchful Secretary has told me that the

natural place for that copy is in the library of your Society,

I will only add, that if, when completed, it shall appear

worth your acceptance, you are very welcome to it.

The crossing of ferns, like other new truths, has had to

go through all the different stages of ridicule and incre-

dulity, until the convictions of a few have at last forced

conviction upon the majority, and the fact has received public

recognition. I claim for the much-despised race of British

fernists the credit of having established the truth in this

iu stance.

Until comparatively recent times it was generally accepted

that ferns did not cross; and yet, considering the assistance

which, in their endless cliangos of stvnctnve, other forms of

life were known to derive from the power inherent in them

of crossing naturally, it must at times have seemed strange

to the more thoughtful that in a class of plants so remarkable

for variation as ferns that power should be altogether absent.

No doubt the faculty of natural variation (independently

of crossing) is great in ferns, as elsewhere ; and no doubt,

also, in certain species of ferns, and of British ferns es-

pecially, this power of natural variation is so conspicuous

that the more cautious botanists hesitated for a time—and
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perhaps for too long a time— to give attention to the con-

clusions of those who had carefully studied the subject, and

thus the acceptance of the truth was retarded. It was not

until a foreign fern or two had done what many British ferns

had long been known to have done, that the serious attention

of botanists was drawn to this subject ; and I believe I am
correct in saying that the first authoritative recognition of

the fact was contained in a letter to Mr. E. J. Lowe from

Sir Joseph Hooker about the year 1884, in which the latter

used these words :
—

" The hybridization of ferns is now an

accepted fact." But in the general ignorance formerly pre-

vailing with regard to the reproduction of cryptogamic

plants, it seemed altogether preposterous that ferns could

possibly cross. No bee or fly hail over been susj)ected of

visiting a fern or moss with any such intention or result,

and enough was known of the structure of a fern to preclude

the idea of any external agency in fertilization ; enough was

known of the history of a forn from its hi-st loaf until the

completion of what appeared to be its final act, viz., the

scattering of its spores, to negative the idea that the spore

was the result of sexual action; it was known not to bo a

seed, but beyond that, I believe, nothing was generally known

than that by some mysterious transformation, apparently

not altogether unlike the threefold changes in insect life,

the fern produced the spore, the spore developed into tlio

prothallus, and from the prothallus came the fern.

TriE liKi'KootKrnvE Ougans ob' Feuns.

It was not until Naogoli, Suminski, Hoffmeistor, and other

continental botanists had raised the veil which had so long

hung over the secrets of the reproduction of ferns and other

kindred forms, that people were able to recognise that, how-

ever different in the process, the principle involved in the
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reproduction of ferns was the same as in higher forms of

life* It was they who showed that it was in the prothallus

st.ago that the fern practically flowered—that on the prc-

thallus wore developed the male and female organs (the

antberidia and archogonia) corresponding with the stamens

and i)istils of flowers, and that under certain favourable con-

junctions of heat and moisture the anthorozoids (corresponding

with the pollen of flowers) were detached, and not only so,

but were endowed with motion resembling rather the con-

sciousness of animal than the impassivoness of vegetable life,

and that thus fertilization was ensured (one archegonium

only, I believe, being fertilized in each case, and one fern

only produced from any prothallus) ; and aa each prothallus

contained ail that was necessary for the reproduction of the

plant, it was not suspected that anthorozoids could have

power of action beyond the sphere of tlieir own prothallus,

and it is sufficiently evident that, unless tliey had that power,

ferns could not cross.

I have not a word to say against anthorozoids generally—

they are, I believe, as a rule, a very steady, stay-at-home

race of little zoids ; but there are exceptions—occasionally

there are some that sliow a vagrant tendency—hence the

results that we have to chronicle.

Concurrently witli, but independently of, the researches

of Hoifmeistor and others-independently also of each other

• Since writing this, 1 have l)eou favoured by Dr. Maslers with tlie

following note :

—

" Antheriilia and anthorozoids were discovered by Naogeli in 1814
;

the archegonia by Suminski in 181fi, wbo also witnessed tho entry of the

spormatozoids into tho archegonium. Bernhardi, according to a state-

ment of Kegel in tlie llotanischc Zeilung, 1813, was the first to announce

the production of hybrid ferns. Eogel's observations are noted by tho

Rev. M. J. Berkeley, in the Gardcncra' Chronicle for July 27, 1844, where

also tho remarks of the late Mr. Henderson ou the subject are given."
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—there were, among the earliest cultivators and students

of the varieties of British ferns, some who were occasionally t:

struck by the appearance of forms bearing a very suspicious
|

resemblance to combinations of other forms; and attention ''^

having been arrested, observation became keener : and as in

course of time these instances became more numerous, culti-

vators conld not at last resist the evidence of their senses,

that, in some way, unknown to them, ferns crossed ; and

experiments, undertaken with the view of more completely

testing the correctness of their impressions, placed the

matter entirely beyond doubt in the minds of all who had

given attention to the subject.

Pioneers.

When independent conclusions have been formed, nearly

about the same time, by several, it would bo unjust to ti'ans-

fer to any one in particular all the merit of a discovery.

There were, I believe, in this case five who had formed more

or less certain conclusions on this subject. I will therefore

mention their names alphabetically—and fortunately this

will bring to the front one to whom I am sure no true fernist

will grudge any distinction ; for no one has worked harder,

and with less assistance, and to no one are lovers of ferns

and mosses more indebted than to Mr. .T. M. JSarnes, of Miln-

thorpo, who, by his discoveries in Lastrea montana, has

opened up an entirely new iiold of interest, though I do not

mean to imply that this is the only claim which Mr. Barnes

has on the gratitude of all who are interested in these

matters.

Next in alphabetical order is Mr. E. J. Lowe, the well-

known author of Our Native Ferm, and distinguished in so

many other branches of science that no further remark is

needed here.
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Next, Mr. J. E. Mapplebeck, of Hartfield House, near

Birmiiigliam, than whom a more obsorvant, careful, and

successful cultivator of British ferns, or a more uniformly

distinguished exhibitor of them, was never known.

Next, Mr. James Moly, one of the most original, inde-

fatigable, and successful of discoverers, formerly of Hawk-

church, now of Charmouth, who, with one or two otliors, has

done in tho South with Polystichum angulare what Mr.

Barnes and others have done with the Lastreas in the North.

Last, but not least, Mr. Stansfield, the elder, a botanist

of no mean order, and tho original very enterprising head of

the well-known firm at Todmorden—now chiefly represented

by his grandsons, Messrs. Stansfield of the Sale Nurseries,

near Manchester.

To these five, I believe, is due tho credit of having been

the first to recognise practically the fact of the crossing of

ferns. There are, however, others who, though coming later

into the field, liave contributed so materially to its general

recognition that this statement would be incomplete without

alluding to them.

Of those tho first entitled to be mentioned is tho late Mr.

A. Clapham, of Scarborough, so long known as one of the

most observant, painstaking, and generous of the early dis-

coverers and propagators of tho varieties of British ferns.

Mr. Clapham was long known as the most successful of all

hybridizers of plants in England, but through want of faith

in this instance he long held aloof from experiments with

ferns ; but when at last (impressed by some of tho results

of Ml-. Lowe's ex])oriments) he did give attention to it, ho

approached it with all his old keenness of perception and

judgment, and therefore his old success.

The writer of these notes is perhaps entitled to come next

;

•and it is a pleasure to him to think that his experiments
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wore not without influence on two otliers, wiio, in conjunction

with him, have helped to produce an aniount of evidence on

this subject so overwhelming as to lie absolutely convincing

to all not predetermined to remain unconvinced. Ho refers

to Mr. E. r. Fox, of Brislington, near Bristol, one of the

most painstaking and successful cultivators and raisers of

British ferns ; and the late Mr. W. C. Carbonell, of Rhiew

Castol, Usk, wlio was not less distinguished in both those

respects, and who has lately with groat public spirit be-

queathed the whole of his fine collection of British ferns to

Kew Gardons.

Hybridization.

A year or two since, I was told by one of tiio most dis-

criminating botanists, Mr. Churchill, that it was now accepted

that AH])lcnium germanicum was a hybrid between A. sep-

tentrionale and A. ruta-muraria ; and as Mr. Gr. B. Wollaston,

of Chiselluirst, facile princeps among British fernists, is

entirely of tho same opinion, the idea catinot bo lightly re-

garded. I am told that A. germanicum is never found whore

A. septentrionale and A. ruta-muraria are not found, and

that where these two species abound it is very rare not to

find A. germanicum—that it is never found extending over

a considerable space as ordinary species do, more or less, but

in detached clumps or isolated plants as hybrids, having a

difficulty in reproducing themselves, might bo expected to

do. It is reputed to be barren, and yet it is on record that

Sim, of Toots Cray, once raised a variety from it, recorded

as " acutldontatum " both by Mr. Moore and Mr. Wollaston
;

it cannot therefore be said that it is impossible that a sporo

might not be thrown from one of such hybrid plants with

sufficient constitution and general fitness for survival to

establish a new race. There is also the case of Lastrea

romota, of which four plants were found growing in a clump
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in Westmoreland, by Mr. F. Clowes, alwnt thirty years ago;

nor has it been found elsewhere in this conntry
; it has long

been accepted by British fornista as a natni-al hybrid : thotigh

apparently profusely sporiforous, it has, after what might

have been considered exhaustive experiments, been judged

incapable of reproducing itself from spores, and yet it is,

I believe, sufficiently established that one of the original

])lants which Mr. Stansfield has, did once cover the pot in

which it was with fertile spores
;
and though the young plants

may not yet bo in every respect entirely like the parent,

they arc, I believe, sufficiently unlike every other British

fern to prove their origin : and would it not be unreasonable

to conclude that not one of these could have power to repro-

duce itself with ordinary freedom ?

The remarkable " confluent " forms of Asplenium Tricho-

manes, as fertile in appearance as they have hitherto shown

tliomselves to be barren in reality, are considered by those

who have most studied the subject to be hybrids, as arc also

the " microdon " forms of A. Adiantum nigrum and A. lan-

coolatum. Tliore is also the unique cruciate Asplenium,

which appeared self-sown in Mr. Clapham's fernery, and the

remarkable hybrid Asplenium found by Mr. Wollaston in

Switzerland. There are two or three other forms marked

apparently with the bar sinister, but I pass to less doubtful

cases.

To Mr. E. J. Lowe is duo the credit of having been the

first to raise an unmistakable hybrid between two acknow-

ledged species, which was neither a monster of ugliness

nor incapable of reproducing itself from spores. It was no

accident, for with deliberate intent Mr. Lowe sot himself to

produce a cniciate Polystichum aculeatum by crossing a very

narrow cruciate form of P. angulare, well known as " Wake-

loyanum," with a very robust form of aculeatum, equally well
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known as "donsnin"—two more marked forms could not

have been selected. In his first sowing he was rewarded

with four plants as narrow and symmetrically cruciate as

Wakeleyanum, but with all the coriaceous texture, the

glistening colour and decurrent pinnules of P. ac. deusum
;

and on repeating the same experiment ho was rewarded with

two other plants. A grander form does not exist among

British ferns—the most convincing proof of which lies in

the simple fact that even people quite ignorant of ferns

hardly ever pass by the plant which Mr. Jjowe kindly gave

me, without remarking, not a little to my disappointment,

that it is tlie inost striking plant in my collection ! Tlio

judgment passed by Mr. Lowe on this form is, that it is

barren, and so the plant with which he has himself experi-

mented may bo ;
but I have equally good grounds for knowing

that the plant ho gave me is not so, for it has been proved

by myself and others to bo easy of reproduction from spores.

If this distinction between two of those plants be roal, it

will be recognised as a most instructive fact ; and I should

also mention that a batch of seedlings, raised from another

of Mr. Lowe's four plants by Mr. Carbonell, were, without

exception, cruciate but prcmorso and dwarf. Nor is it

without interest in connection with this matter to mention

that Mr. E. F. Fox once raised from a magnificent plant of

P. ac. donsum an abundant crop of plants almost entirely

premorse and dwarf. But, it may be said by some, "After

all, this only proves that P. aculeatum and P. angularo are

forms of the same species." If so, I will simply ask them

to define clearly and fully what a species is.

Subsequently to this, two other instances of a clear cross

between these two species have occurred. Mr. E. F. Pox,

from a sowing of a very marked form of crested angularo*

* Cristatum, WoUaatoii, No. 10.
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raised accidentally about a dozen plants of P. acnleatum, in

which the peculiar cresting of the angulare in question was

reproduced, in an unmistakable manner—the crossing having

evidently been efl^cted by stray spores from an almost

normal plant of P. aculeatum, growing in close proximity

with the plant from which the spores had been gathered

;

and I myself raised two plants in which the polydactylous

cresting of an angulare reappeared in a decided aculeatum

—

a polydactylous aculeatum having been previously unknown.

Nor should Mr. Stabler's remarkable Lastrea (so well

known as l^j. f. mas Stableri) bo i)as8ed over here ; it has

been universally regarded by fernists as a cross between two

species of the male fern, the marked character of L. f. mas

Barnesii being transferred to the more solid substance of

I,, ps. mas. It is easily ropi'oducod from spores.

Cross-beeeding,

So far the crossing of species, or hybridization })roper. I

will now take a few of the most marked instances of the

crossing of varieties, nor will I mention any with regard to

which doubt could be likely to arise in any reasonable mind,

and I will not confine the instances to any one species.

Years ago, returning from a successful hunt, Mr. Barnes

thought he would put to the test the suspicions regarding

the crossing of ferns, of which he could not rid his min'd

;

he accordingly chose two of the most marked forms of Las-

trea propinqua, both of his own finding— (1) a truncate form,

whose claim to distinction lay in the entire deficiency of

the upper part of the frond (to the extent of about a third)

;

(2) a very symmetrical crested form, the best of its class

—

L. p. cristata of Barnes. Spores of these were sown together,

and the result was, I should think, sufficiently conclusive-

one plant being an exact reproduction of the truncate form
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with tho addition of the cresting of the pinnae ; other plants

resembled the crested parent, with depauperation so slight

as not to affect the general symmetry of tho frond; and

there wore intermediate forms between tlieso. Anotlicr

successful cross of Mr. Barnes was between two perfectly

distinct forms of A. T.-fffimina, FrizelliiB and Craigii.

rrizoUiiR, as is well known, has a way of occasionally

sending up a normal frond, and the crested forms of Trizellia^

produce also ordinary crested fronds ; but the plant of

Frizollia; in question, whenever it attempts to revert, or

rather to show its other parent, sends up an unmistakable

frond of Craigii, a thing never seen before.

Mr. Moly's most marked instance of crossing was with a

Scolopendrium. He had found a very remarkable variegated

form, with bright green bands on a white ground, the latter

presenting tho appearance of being deficient in one of its

tissues, the green portion standing out above the other

portion of the frond. Mr. Moly was not (luito satisfied with

this fern, thinking it too narrow, so ho sowed it with a broad

form, " fissum latum " of Moly, with a view to a cross
;
and

he got a plant of fissum latum variegated in the unique

manner above referred to.

An experiment by Mr. Mapplebeck with Scolopendrium

was not less remarkable. He sowed a conglomerate form

with a form of peraferons with astonishing results. In

. several of the plants tho conglomerate character is retained,

but frequently little pouches are distinguishable at the ex-

tremities of the leafy portion. It is well known that the

conglomerate forms have a way of occasionally throwing a

normal frond, but in the case of these crosses fronds of

simple peraferens are thrown, truncate with horn and pouch.

Another very striking cross of Mr. Mapplebeck was with

Pteris aquilina. I had myself raised a crested flexuoso P.
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aquilina, a cross between P. aq. cristata of Glover and the

flexuous form (glomorata of Jacob Jones). Mr. Mapplobeclc

was so much struck with this plant that ho determined to

tiy the same experiment, using sj^res from his own garden.

Ho raised at least three plants of the same cross—one much
more marked than my own.

Mr. Stansfield's first experiment was with the cruciate

form of Athyrium, Pritchardii. Thinking that a crest at

the end of the frond would be an improvement to it, he per-

severingly sowed crested forms with it until he succeeded

in his wish
;
ho tried the same experiment with the con-

gested form, Grantias, with similar success. The cresting

of ferns is, of course, no absolute proof of a cross, as it is

known to result in many cases from natural development

;

but the following case speaks for itself:—Mr. Stansfield

sowed his own splendid plumose form of Athyrium with

Craigii, and he produced an unmistakable plumose Craigii.

It was barren, and i)n,])ery to an extreme ; and, as if to

settle for ever all doubts as to its origin, it produced last

year a frond of the typical plumosum, simply crested, without

a taint of Craigii except the cresting. Mr. Stansfield also

raised a remarkable cross between A. P.-f. congostum and

Craigii.

It is difficult to say wliethor Mr. Lowe's crossings of

Scolopendrium or Athyrium were most marked. In the

former, almost every conceivable combination of undulatum,

mnltifidum, marginatum, and muricatum are to bo seen in

his garden
; and it is the same with Athyrium. It was

Mr. Lowe's extraordinary series of combinations between

Victoria) and proteum, etc., which roused Mr. Clapham to

exertion.

Mr. Clapham confined his experiments to Polypodium

vulgare, his most marked success being with the finely-cut

FF
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Davallia-like form known as Cornubiense ;
Lo sowed with

this a multifid form of bifidum. Here, again, the proof

is conchisive. Cornuhiense is well known to have a habit

of partial reversion—sometimes it is tlio whole frond, at

otlier times it is a portion only that reverts; these crosses

of Mr. Clapham (of which there wore about six) revert to an

ordinary multifid bifid frond, while the hnoly-cut portion is

forked at the apex of the frond and the apices of the pinntp,

exactly as was to have been expected in such a cross.

I come now to my own experiments, and I must admit

that they were originally the result of accident, and that I

am mainly indebted to the late Rev. C. Padley for the

materials with which I worked. I have before alluded to

the extent to whicli fernists generally are under obligation

to Mr. Padley. The late Dr. Wills was another of this

class ; and if one mentions in connection with these and with

those before alluded to, the names of Dr. AUcliin, Mr. Grey

of Exeter, Mr. Jackson of Barnstaple, Mr. James of Vauvert,

Mr. Clowes of Windermere, Mr. Glover of Manchester and

Southport, and Mr. Phillips of Belfast, one will have men-

tioned all the original pioneers to whom the present and

future generations of British fernists are most indebted.

Mr. Padley had given me, among others of his best ferns,

tliree very marked forms of P. angularo, his polydactyluni.

from the Vale of Avoca, his multilobum ovale (the divisions

of whose pinnules are not less marked than pretty), and his

inffiquale variegatum, an entirely unique form. Being very

much struck with the superiority of Mr. Padloy's polydacty-

1 un over all other crested forms of angulare, I sowed it often

freely with other forms, but keeping a record. Without

expecting a cross I sowed it with the cruciate form of an-

gulare before mentioned (Wakeloyanum), and I got two

plants of a polydactylous cruciatum. I sowed it with multi-
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lobum ovale, and got four plants of polydactylum with

pinnules divided in exactly the same way as multiiobum

ovale ; and I sowed it witli iuiBqualo variogatuni—the result

being five plants of a character so marked as to be conclusive.

Convinced at last of the reality of crossing, I sowed in faith
;

and as Mr. Fox and Mr. Carbonell followed on the same lines,

there is now hnrdly a distinct form of angulare that is not

polydactylous ;
there are now polydactylous divisilobes, there

are frondose and decomposite forms ;
forms also of lineare,

congoslum, and llexucsiim all polydactylous. Mr. Fox's most

marked success was, perhaps, his polydactylous congestum,

of which ho raised many plants ; but his cross of Athyrium

F.-f. roflexum with Craigii is not less marked. Mi'. Car-

bonell's crosses between P. ang. divisilobum of Padley, and

grandiceps, Moly, and crosses between polydactylum of

Padley and other forms, are well worthy of note.

It is, I think, now perfectly clear that it only requires

patience and ordinary skill to effect endless crosses in almost

every species, for there is now hardly a species of British

fern in which there are not sufficient varieties to begin with,

and there are several species in which an addition to the

existing varieties would well repay any exertion—for in-

stance, in Osmunda regalis, Pteris aquilina, and Lastrea

recurva. On the other hand, care should bo taken to dis-

criminate between what are really now varieties and mere

trifling diffcrencos, and this partly from a sense of justice

to others, and partly to prevent flooding colleotiona with

interminable repetitions. The practice of raising from well-

known forms and putting in a claim for the general result,

is as little to be defended on grounds of logic as of morality.

Surely there should bo a gonei'ous rivalry between all en-

gaged in such a jrarsuit to accord to others what is their

du.e.
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How TO Effect a Cross.

It only remains to give a few hints how to ensure the

greatest chance of success in crossing. It is clear that the

closer the juxtaposition of the prothalli the greater the

chance of the anthorozoids from one prothallus straying on

to another, therefore thick sowing is a consideration ; but

as thick sowing is a fruitful cause of an unhealthy state of

the j)rothaIli (which is generally the destruction of the

whole), extreme care should be taken to ensure healthy con-

ditions in every respect. And first, perhaps, in importance

is it, that spores only sliould be sown: for this purj)OKo it is

best to have an abundance of spores, and so to manipulate

them as to sift them well ; with care, and the skill which

comes easily with a little practice, this can be done so that

practically only spores remain. But even more important

than that is it that the spores which it is intended to cross

with should have come to maturity about the same time
;

for it is well known tliat spores that have boon gathered

some time do not germinate so soon as those that have

recently dropped, and of course, unless the prothalli are fit

for fertilization at the same time, the whole chance of cross-

ing is lost.

Other probable aids to crossing may bo a judicious water-

ing overhead just at the right time, and possibly it may be

a further help oitlier to sow on an incline, or afterwards to

tilt the seed-pan. I have only, in conclusion, to add, that

where so much is necessarily dependent on chance, one must

not be too sanguine
; with care, however, and porsovoranco,

results are certain to follow in duo course.
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0011.

By GEOEGE E. BURDEE, M.D., F.R.Met.Soc.

Uoad May 3ni, 1888.

TT in a mattor of common kuowlodge tliat the moon, in
-*~ a total oolipso, doea not, as a rule, entirely disappear,
but remains as a tolerably conspicuous object in the
heavens, shining with a dull rod light tliroughout the total

phase. The amount of light varies. In some eclipses, the
moon lias boon so bright that people have been led to

doubt whether the astronomers had not made a mistake.
In other eclii)seB, the moon has boon so dull as to be
practically invisible. Eclipses are recorded in which the
moon was said to be absolutely invisible, the sky pre-

sumably being clear ; and in October, 1884, we had our-

selves the rare opportunity of observing an eclipse in which
the moon, altliough not strictly invisible, was so obscure
that many persons in looking for it failed to discover it.

It has been suggested that these differences might be

explained by differences in the clearness of the atmosphere
at the time and place of observation, or by difFeronces in

the moon's altitude in different eclipses. Such circum-
355
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stances cannot bo without inflncnco, and sliould bo borno

in mind when comparisons are made ;
but no one who

watched, for example, the two last total oclipses visible

in this country, could doubt for a moment that thoro are

very great differences in the light of the eclipsed moon,

apart from difforonces in the stato of the atmosy)here, or

in the moon's position in the sky.

In a note on the eclipse of October, 1884, which is

printed in our Proceedings, I stated what seemed to me

very strong objections to the commonly received theory

regarding the variation of the light in different eclipses,

and I ventured on a suggestion that the solar corona might

have something to do with it. TIio eclipse of last January

led mo to restate my views, and a correspondence ensued,

which stimulated mo to a more careful examination of the

question than I had previously made. In a matter which

like this has engaged the attention of eminent astronomers,

there seems small chance of discovering anything that is

both new and true ; and yet I hope to bo able to show that

some important features of the question have been hitherto

overlooked.

At first sight thoro seems no reason why the moon, when

immersed in the shadow of the earth, should receive or

exhibit any light at all, and hence an attempt to account

for the variation in the amount of light (which is tho

special object of this paper) involves of necessity a.n in-

quiry into the possible sources whence tho light may be

derived.

Kepler, some throe centuries ago, was the first to suggest

an explanation of the phenomenon, and it is substantially

his theory which is accepted by astronomers to-day. It

is believed, first, that tho illumination of tho eclipsed moon

is brought about by tho refraction of tho solar rays through
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tho lower, and especially the lowest, strata of the earth's

atmosphere; secondly, that in consequence of the amount

of vapour in these low strata, the blue rays are largely

absorbed, and tho I'ed rays chiefly transmitted ; thirdly,

that it is these red rays that give to the eclipsed moon its

ruddy tint ; and fourthly, that the degree of illumination

of the eclipsed moon is de})endont on tlio meteorological

conditions of the atmospheric ring through which the sun's

rays pass to reach the moon. Up to this point there seems to

be a general agreement, but as to the particular meteoro-

logical conditions which favour a light eclipse or a dark

eclipse, there is a divergence of opinion, some holding that

the dark eclipses occur when the atmosphere is unusually

dry, others wlion it is unusually humid, while Sir John

Herschel attributed the variation to the varying amount

of cloud.

The lirst of tho above propositions—that the illumination

is due to the refraction of tho sun's rays through the

lower strata of the atmosphere—may be admitted with two

(lualifications. In tho first place, I do not think that the

whole of tlio light is derived from tho sun's refracted rays,

although the greater part may bo ; and in the second place,

I believe that tho higher regions of the atmosphere, up

to a certain level, are quite as much concerned as tho lower

regions. I shall have to refer to this point again.

That the ruddy tint of the eclipsed moon is due to the

vapour in the air absorbing the bluo rays and transuutting

specially tho rod rays, is a view wliich I think open

to question, and also unnecessary. Why should not the

ruddy tint bo the natural colour of the moon ? It can

scarcely 1)0 supposed that tho moon has no colour. True

wo see none under ordinary circumstances, but then the

colour may bo extinguished by the excessive brilliancy of
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tho rofloctod sunligLt, only becoming porceptiblo when llio

illumination is much reduced, as in a total eclipse, or as

in tho crescent moon, when tho shady portion of the disc,

feebly illuminated by earth-light, assumes a tint not very

unlike that of the eclipsed moon.

The views I have thus referred to are, however, chiefly

of interest as leading up to the conclusion that the varying

light of the moon in eclipse is to bo explained by tho vary-

ing condition of t,ho atmospheric ring through which the

sun's rays pass to roach tho moon. The objections to this

view, supported though it has been by the highest astro-

nomical authorities, are to my mind insuperable. The

particular modification of it which seems at present to be

generally accepted, is especially open to criticism.

In an article in tho Times, published on occasion of the

eclipse of October, 1884, tho writer explains the matter

in these words :

—

" If tho part of the terrestrial atmosphere through which

the solar rays pass be tolerably free from vapour, the red

rays are almost entirely al)sorbod, leaving the blue rays,

which give too feeble an illumination to render tho moon

visible ; while, on the other liand, if tho atmosphere bo

highly saturated, the blue rays are more effectually ab-

sorbed, and the red rays transmitted to the moon, thus

rendering it visible."

According to this view, then, it is a saturated condition

of the air which, transmitting specially tho red rays,

favours tho illumination of the moon; while a dry atmos-

phere, absorbing the red rays, reduces illumination. But

this, I submit, is exactly contrary to what wo habitually

observe. When the sun sots with a red disc, its light,

instead of being increased, is so much reduced that wo

can gaze on it without discomfort. The same thing occurs
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when the sun is seen like a red ball tlirougli a fog. In

certain states of the atmosphere the sun, even at setting,

shows no redness, and then it is too bright to look at, even

when the greater part of its orb has dipped beneath the

horizon. Indeed I believe the law to be universal, that

whatever state of the atmosphere reddens the sun also

reduces its brightness.

Sir John Horschol's idea that the unusual obscuration

of the moon in certain eclipses was due to an unusual

prevalence of cloud in the ring of atmosphere through which

the sun's i-ays would have to pass, is not O])on to the

objection that it is at variance with observed facts, for we

know that clouds will intercept the sun's rays. But it is

open to an objection that applies to any theory which seeks

to explain the variation in the moon's visibility by varia-

tions in the conditions of the earth's atmosphere. Con-

sider the circumstances of the case. The atmospheric ring

through which the sun's rays must pass is a ring 25,000

miles in circuit ; and it is something more than a ring, for

owing to the earth's rotation during the progress of the

eclipse, a perpetual succession of rings will come into

position. An eclipse of the moon may be total for an hour

and a half or more, and in that interval a breadth of

atmosphere will have boon brought successively into the

position of the ring, extending in the equatorial regions to

about 1,500 miles. To me it seems in the highest degree

improbable that a tract of atmosphere 25,000 miles in

length, and many hundreds of miles in average breadth,

embracing, moreover, every description of terrestrial climate,

.should vary materially in its aggregate or average con-

dition at any two epochs.

The same line of argument may, I think, bo carried a

step further. It is important to note that, as far as our
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knowledge goes, the clia-ractor of a lunar oclipse is per-

sistent throughout its duration. The light oclipsos are light

from first to last ; the dark eclipses are dark from first to

last. Unless, therefore, we suppose a number of remarkable

coincidences, we must believe that the particular condition

which determines the lightness or the darkness of an

eclipse is persistent through a length of time much ex-

ceeding the duration of the oclipse. If wo suppose this

condition to persist for twelve hours, and to bo seated in

the earth's atmosphere, it must be a condition involving

nearly the whole of the atmosphere. To suppose that the

atmosphere ovoi-, say, three-fourths of tlie gh)be can be

greatly more humid or greatly more cloudy at one time

than at another, would be manifestly unreasonable.

It may possibly bo objected that the atmospheric ring

presented by the earth to the sun and moon in a lunar

eclipse may be very different in different eclipses as regards

the relative proportions of land and water underlying it,

and that its hygrometric condition, and therefore its trans-

parency, may vary considerably from that cause.

I do not think this objection would weaken my argu-

ment materially, even were there no special reasons for

rejecting the explanation which it offers. But there are

two such reasons.

In the first place, it rests on the assumption that the

lower strata of the atmosphere are those chiefly concerned

in transmitting the rays which illumine the eclipsed moon,

whereas I hope to show presently that that assumption very

imperfectly represents the real facts of the case.

Secondly, the explanation will not bear the test of appli-

cation to the phenomena of actual eclipses. If we compare

the eclipses of March 19th, 184S, and October 4th, 1884,

with respect to the proportion of land and water underlying
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tho atinoaplioric rinp;, wo find tliat in the middle of tlio

former eclipse tlio proportion of land was very much less,

and of water very much more, than in the middle of the

latter eclipse. If, therefore, any effect at all is to be

ascribed to this cause, tho eclipse of March, 1848, should,

on the more reasonable view of tho effect of vapour, have

been a comparatively dark eclipse, and the eclipse of

October, 1884, shoiild have been a comparatively bright

ecliiiHO. We know the facts to have been the exact reverse

of this. A"-ain, if we compare the eclipse of October, 1884,

with the eclipse of .Tanuary last, we find that the proportion

of land to water at the time of mid-eclipse was almost

identical in. the two eclipses. Yet in the one case the moon

was so dim as to be practically invisible ; in tho other it

was at least of average brightness. These results were

obtained by careful experiments with a terrestrial globe.

It has been supposed by some that the eclipse of October,

1R84, may luivo owed its remarkable darkness to tho pre-

sence in tho eartli's atmosphere of a vast quantity of

volcanic dust from the Krakatoa eruption of tho previous

year, and that the other dark eclipses on record may admit

of a similar explanation. I will only say of this theory that

the cause seems to me inadequate to tho effect, and that if

the atmosphere generally had been charged with volcanic

dust to the extent that the theory requires, more decided

evidence of the presence of this material might have boon

expected than any we possess. In particular, we might

have expected to find, after a sufficient lapse of time,

copious deposits of dust over large tracts of the earth's

surface.

The theory of the atmosphere being charged with cosmic

or meteoric dust, or dust of extra-terrestrial origin, is, I

think, equally open to the last-named objection.
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I hope I may now claim to liave shown that the problem

under discussion has not, up to the present time, been

satisfactorily solved, and that an effort to elucidate it

further is not at all events superfluous.

In some remarks on the eclipse of October, 1884, which I

made at one of our meetings, I throw out the suggestion

that the eclipsed moon might possibly be in some slight

degree self-luminous. Since the recent eclipse, I observe

that the same idea has been put forward by an Italian

astronomer. I think it is not altogether unworthy of con-

sideration, for we know that tliere are substances in nature

which even at ordinary temperatures are phosphorescent,

and there are other substances which become phosphor-

escent when heated. The moon, having no atmosphere to

shelter it from the fierce rays of the sun, must be exposed

to intense heat, and might possibly continue to shine feebly

after the solar rays had been withdrawn. Still, this ex-

planation at the best is very incomplete, for it gives lis no

account of that which is the only real puzzle in the case,

namely, the varying luminosity at different times.

The idea which I broached in my published account of

the eclipse of October, 1884, deserves, I think, a little more

attention. I suggested that the solar corona might be an

important source of light to the moon during total eclipse,

and that the varying amount of light might bo connected

with the known variations in the brightness of the corona

at different times. The corona, as seen from the earth in a

total eclipse of the sun, is a very bright object. It has boon

described as dazzling in its brightest part, and the total

amount of light emitted by it has been estimated as equal

to that of the full moon. The moon in eclipse will not

receive nearly that amount of light, because the earth will

intercept all the more coutral and brighter parts of the
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corona. Still, enough may remain to contribute a sensible

quota towards the illumination of the moon, and in part to

explain the variation in the degree of illumination. It has

been suggested recently that this question might bo settled

by an appeal to the spectroscope. The eclipse of January

last was examined spectroscopically by several observers.

Some found linos in the spectrum agreeing with those found

in the coronal spectrum. In other cases the results were

negative or ambiguous. But I doubt if this question, from

the nature of the case, can ever bo settled by the spectro-

scope. Wo know from theory that light must reach the

eclipsed moon both from the sun and from the corona, and

it is not easy to see what more the spectroscope can tell us.

I know of but one method by which it might bo possible

to ascertain whether the solar corona has any appreciable

share in the illumination of the eclipsed moon. It is the

opinion of some astronomers that the brightness of the

corona varies in cycles corrcaponding to those of the sun-

spots, only that when the sun-spots are at their minimum,

the corona is at its maximum. The sun-spot period is a little

over eleven years, and if it wore found in a long succession

of eclipses (the relative brightness of wliicli was carefully

estimated or measured) that eclipses occurring about the

period of sun-spot minimum wore above tlie average bright-

ness, there would be evidence in favour of the corona. But

this, if ever done, must be a work of the future. The records

of past eclipses are not accurate enough for the purpose,

except in the rare cases in which either the brightness or

the obscurity has been so abnormal as to attract notice. It

would bo rash to rely on those few instances. Yet it may

not bo out of place to romai-k that the two eclipses which

represent the two extremes of modern times in regard to the

degree of illumination both tend to favour the idea of the
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influence of the corona. The eclipse of Marcli, 1848, which

has often been cited as an abnormally bright eclipse, oc-

curred (as nearly as I can ascertain) about two and a half

years after a sun-spot minimum; and, on the other hand,

the exceptionally dark eclipse of October, 1884, occurred

about the time of a sun-spot maximum.

I pass now to a consideration of the matter from another

point of view, and propose to inquire whotlier a new light

may not be thrown upon it by a careful investigation of the

course of the refracted solar rays through the different

strata of the earth's atmosphere.

In the diagram annexed I have indicated the points at

which rays from various parts of tlio sun's disc would,

after refraction through the lowest stratum of the earth's

atmosphere, converge upon the central axis of the shadow.

The moon is also shown in its two extreme positions of

perigee and apogee. The diagram is drawn to scale so far

as regards the relative distances of these several points.

The amount of refraction suffered by a ray which grazes

the earth, traversing the entire thickness of the terrestrial

atmosphere, is taken as one degree six minutes, or double

the amount of what is known as " horizontal refraction."

A ray from the near limb of the sun, having undergone that

amount of refraction, would meet its fellow in the axis of

the shadow at the point B, distant from the earth about

1G6 370 miles. A ray from the centro of the sun would

Strike the axis at D, distant 206,870 miles. And rays from

the further li.mh, having undergone what, for distinction

may be called cross-refraction, would converge at F, distant

273,460 miles. The point B would be the nearest point at

which any refracted rays from the sun could reach the

centre of the shadow, and the space within the angle
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ABC would be, as regai-ds solar light, absolutely dark.

The point P would be the furthest point at which rays

refracted through the lowest stratum of air would illuminate

an object in the shadow.

And here I may remark that the rays which will reacli

any given point in the axis of the shadow after refraction

througli any given stratum of atmosphere, will be rays from
an infinitely narrow ring of the sun's disc and from no other

part. Confining our attention at present to the rays re-

fracted through the lowest stratum, we note that the rays

reaching the point B will be those only wliich have come
from the extreme margin or limb of the sun. Points be-

tween B and D will receive rays from successively smaller

and smaller circles of the sun's disc, until at D these circles

will have dwindled down to the centre itself, and rays of the

directly refracted class will have come to an end. But at

the same point D, where the directly refracted rays cease,

the cross-refracted rays begin to appear, and points between
D and F will receive rays from successively wider and wider
circles of the sun's disc, until at F we again meet with rays

derived from the extreme margin of the sun. To put the

case shortly : tlie earliest rays to converge will be rays from
the limh of the sun refracted through corresponding parts of

the eartli's atmospliero ; the latest to converge will be rays

from the limb of the sun refracted through opposite parts of

the earth's atmosphere
;
while rays from the contre of the

sun will converge at an intermediate point.

Wo have hitherto confined our attention exclusively to

the solar rays refracted thi-ough the lowest and densest

stratum of tlio earth's atmosphere. But what of the rays

which pass throiTgh the upper strata ? Precisely the same
series of events will happen to these, only each step will bo

lower down in the length of the shadow (or further from the
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eartli) than those we have been considering. This con-

clusion will bo perfectly obvious when it is remembered that

the refractive power of the atmosphere diminishes as its

rarity increases. If a line wore drawn in the diagram

representing the extreme range within which rays passing

through the lowest stratum shed their light along the axis

of the shadow, and similar linos were drawn for rays passing

at heights in the atmosphere of half a mile, a mile, two

miles, etc., these lines would overlap each other successively,

the result being that an observer at any one spot (except

jnst at the near end) would receive rays which had passed

through an infinite number of atmospheric strata, derived

from an infinite number of circles on the sun's disc.

We are now prepared to examine what the state of things

will be at that spot in the shadow where the moon may

happen to be placed. The two extreme positions of tho

moon aro a(;curatcly shown in the diagr.am, and it will bo

soen how largely these positions differ in respect of their

distance from the earth. Tho vai-iation in tho apparent size

of the moon at different times must have boon often observed

by persons unacquainted with the cause. In truth, the

moon is one-seventh part further off in apogee than in

perigee, and its apparent diameter is therefore one-seventh

part greater in perigee than in apogee. The moon eclipsed

in either position will receive rays which have passed

through the lowest stratum of tho earth's atmosphere,

although it will be beyond tho spot whore what I have

called direct refraction through the lowest stratum ceases

to take effect. Apart, however, from the rays received

through tho lowest stratum (which woiild probably give very

little light), the moon in both positions will receive rays

refracted through the higher regions of the atmosphere, hut
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ivith a difference ; and it is this difference tliat I wiali par-

ticularly to insist upon.

I have ca]<!ulatod for each position the height in the

atmosphoro through which rays from the ceritre of the sun

must have passed to reach the moon, and I have made a

sinrilar calculation for directly refracted rays from the limb

of the sun.

In those calculations I have assumed that the mean

barometric pressure at sea-level is thirty inches, that a solar

ray passing through air of that density suffers a refraction

of sixty-six minutes, and that a ray traversing the atmos-

phere at any given height above the earth suffers a refrac-

tion proportional to the maximum pressure which it

encounters. In converting pressure into height I have

followed tables constructed from actual observations. The

following are the results :

—

Centre of sun

Iximb of sun

Moon in Perigee.

1,752 feet

9,714 „

Moon in Apogee.

5,7(51 feet.

i;5,a07 „

I cannot but thiidt that wo have here the principal caxiso

of the differences observed in the visibility of the moon in

different eclipses. I suppose no one will doubt that the

transparency of the air increases with elevation, whether

this bo duo to diminishing vapoui- or to increasing rarity,

or to both combined. Moreover, it is certain that above the

limit of the region of cloud there will be less obstruction to

the passn,go of tlio sun's rays tlian bolovv that limit. Now

it so happens that the heights through which the moon in

its two extreme positions will receive the sun's rays are

just such that the difference of three or four thousand feet

would be most important with reference to the amount of

cloud. The inference, to my mind, is very clear, that the

G G
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nearer the moon is to the earth, in a lunar eclipse, the greater

will bo the obstruction in the way of the sun's rays reaching

it; the farther the moon is from the earth, tlio purer and

brighter will be the light which it receives.

In testing this view by a reference to actual instances, I

would use the same caution that I used with regard to the

corona. Yet I am tempted to mention that out of four

eclipses, the particulars of which I find available, three lend

a fair support to my theory. In the bright eclipse of March,

1848 (already referred to), the moon was within, three days

of apogee, and in the dark eclipse of October, 1884, the

moon was within three days of perigee. The eclipse of

January last, which was probably of about average bright-

ness, occurred nearly midway between apogee and perigee.

Where two or more causes combine to produce an effect,

complete accordance with either one of them is not to be

expected.

In all that has preceded, my remarks and calculations

have had special reference to the central axis of the earth's

shadow, or to the moon when centrally eclipsed. The

problem of the moon's illumination, even when thus

narrowed, is not free from difficulty
; it acqiiires additional

complexity when, we include in our consideration the vary-

ing amount of illumination in different parts of the moon's

disc, or of the whole disc in diiforent stages of the eclipse

—in other words, the varying amount of light in diflFerent

parts of a transverse section of the earth's shadow.

Some of the differences observable in the brightness of

different parts of the eclipsed moon—and possibly all the

irregular or patchy differences observable—may be ascribed

to differences in the light-reflecting quality of different

parts of the lunar surface, these differences being revealed
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01- iriiigijiliocl by the roducod illumination, jnst as tho jm-o-

gross of tlio ponumbra in a lunar oclipso may bo rendered
strikingly moro obvious by the interposition of a thin cloud
—a oircunistanco which I have actually observed.

But apart from inequalities of light which are referable

to tho moon itself, there are other inequalities which are

unquestionably proper to the earth's shadow ; or, as I have
expressed it, there are variations in the amount of light in

different parts of a transverse section of tlie shadow. I

believe that most of these latter variations may be com-
prehended in the single statement that the amount of liwht

increases from tho centre of tho shadow outwards to the

edge. In the eclipse of January last, at the time when tho
moon was near the centre of the shadow, careful observation
showed that tho marginal parts of the moon were brighter

all round than the more central parts. Much moro obvious
was tho gradually increasing glow of light, towards the
close of totality, on that part of the moon's edge which was
about to emerge. This, indeed, is always an interesting

feature in a total eclipse. I believe it is an invariable rule

that whenever the moon is at all near the edge of tho

shadow, a marked increase of light may be observed on the

parts which are nearest tho edge ; and even when tho moou
is not very far from tho centre of the shadow, it is generally

possible to judge, by the distribution of the light, on which
side the centre lies.

I have never seen a satisfactory explanation of this. In

attempting to explain it, I would first call attention to the
fact, obvious on inspection of the diagram, that the solar

rays which strike the edge of any given transverse section

of the shadow are the same rays which strike the centre of
a transverse section further down the shadow. They are,

therefore, in accordance with a law already explained rays
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vvrhich have undergone a less degree of refraction than those

which strike the centre of the given section. Being rays

which have undergone a less degree of refraction, they must

bo rays which have passed through a liigher and more

transparent atmosphere, and therefore they will be brighter

rays. Deviation from the centre of the shadow is, in fact, in

this respect, equivalent to increased distance from the earth
;

and just as the eclipsed moon in apogee should in theory be

brighter than the eclipsed moon in perigee, so, it might be

thought, should the parts of the moon nearer the edge of the

shadow bo brighter than those nearer the centre. I have

no doubt that to an observer on the moon near the edge of

the shadow the luminous ring surrounding the earth would,

from the causes I have explained, be specially bright in the

part corresponding to his own position. But it does not

seem to follow that the region of the moon occupied by the

observer would be specially illuminated in consequence ;
for

while the part of the luminous ring corresponding to his

position would be increased in. brightness, every other part

of the luminous ring as seen by him would be proportion-

ately diminished in brightness by reason of the rays wliicli

would reach him from those parts being necessarily more

refracted rays, and therefore rays which had passed through

a denser and less transparent medium. Thus it seems very

doubtful whether the total amount of refracted solar light

falling upon an object just within the shadow would be at all

greater than the amount falling upon an object near the

centre of the shadow in the same transverse section.

Driven, therefore, to look for another explanation of the

increase of light towards the edge of the shadow, I am

disposed to seek it in the solar corona. Whatever diffi-

culties there may be in admitting tliat the light of the

corona can sensibly illiiuiinate an olijoct deep in the earth's
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shadow, tlioro can, I think, bo no doubt that the corona

must throw a very appreciable amount of light for a short

distance within the margin of the shadow; for here, it

must be remembered, rays will fall from the very bright-

est parts of the corona—those immediately contiguous

to tlie sun. The rapid diminution of light which we

observe as the distance from the edge of the shadow

increases is just what might be expected from the rapid

diminution in the brightness of the corona as the distance

from the sun increases. It is possible that the spectroscope

might help in tliis ])articular inquiry.
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GENEKAL.

IN tho 2()tli. Annual Session, wliioh lias just onded, there

have boon eight General Mootings of tho Society, all

hold in the Physiological Lahoratory of University College,

at 8 p.m.

On Thursday, Oct. fith, 1887, Prof. Lloyd Morgan, P.G.S.,

read a paper on "Tho Stones of Stanton Drow," an abstract

of which will bo found at page 261.

On Nov. 3rd, Mr. H. Charbonnier gavo an account of tho

" Bank Vole," and exhibited a living and some stuffed, speci-

mens. Dr. Shingleton Smith read a paper, entitled " Tho

Structure, Decay, and Preservation of tho Teeth." This will

be found, in abstract, at page 286.

At the 3rd mooting of the Session, on Dec. 1st, Mr. H.

Charbonnier showed a white specimen of the common Snipe

{OalUnago Oallinula), recently shot in County Kei'ry. Dr.

A. J. Harrison read a paper upon " Seals, and thoir so-called

Ballast Bag." This is printed in full at page 290. Prof.

Sydney Young, D.Sc, also gavo a lecture upon " The Effect

of Pressure upon tho ]5oiling-point of Water, tho Volatilizing-

point of Ice, the Melting-point of Ice, and tho Point of Maxi-

mum Density of Water ; also the Eolations of Pressure, Tem-

perature, and Volume of Liquids and Gases." A full account

of this will bo found at page 298.
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On Jan. 5t,h, 1888, Mr. G. Munro Smith, M.E.C.S., L.R.C.P.,

read a paper, entitled " Wine-drinking, and its Effects on

the Human Body." Tins is printed in ftill at po,ge 329. Mr.

S. H. Swayne, M.E.C.S., then showed a ripe frnit of the

" Fyrus Japovdca" picked in his garden a month previously.

At the 24()tli General Meeting, hold on Feb. 2nd, Col.

Arthur M. Jones gave a lecture on " The Hybridization and

Crossing of Perns." This is printed at page 339. Mr. Alfred

E. Hudd, E.S.A., exhibited a "Small Cabbage Butterfly"

(Pj'ens lUipn) caught on Jan. 29th in Clifton Vale. This

spocIoH rarely omej-gos from the chrysalis before the end of

March.

On March Ist Mr. C. K. B,udgo, M.E,.C.S., L.R.C.P., read

a paper on "British Shore-fishes and their Habits." Mr. H.

Charbonnior then exhibited two preserved specimens, viz.

—

(1) an almost white specimen of the common Greenfinch, and

(2) a " Cross " between a Rabbit and a Hare, which had beeji

lately shot in Yorkshire.

At the mooting on April 5th, Prof. Lloyd Morgan, F.G.S.,

road a paper on " Natural Selection and Elimination." which

will be found at page 273.

The 2Gth Anniial Mooting was hold on May 3rd; and

after the Report of the Council, tho Balance-shoot, and the

Financial Report had been road and adopted. Dr. Ramsay

was elected an Honorary Member, and the otficors of the

Society for the ensuing year wore appointed. Dr. Burder,

E.R.Mot.Soo., T-oad a j)apor on " Tho Illumination of tho

Ecdipsed Moon." This is printed in full at page 355.

PAUL A. COBBOLD,
Hon. lieporting Sec.

ARTHUR B. PROWSE,
lately ITon. lieportinq Sec.
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REPORT OF THE BOTANICAL SECTION.

THE genus Rubus has received continued attention, and

during the season new localities for some of the rarer

Brambles of the district have been recorded ; whilst a few

forms not previously clearly understood have been made out.

In addition, one or two species entirely new to the Bristol

Coal Field have been gathered and identified, through the

(•,ourtosy of Prof. Babington. An account of those is not

included in " Notes Supplemental to the Flora," published

by the Editor, as the hope is entertained that at some future

date the whole genus, in its relations to the Bristol Flora, may

be overhauled and reviewed by the light of latest opinion and

research. Since our last Report, there have been added to the

list four additional species of phanerogams, namely, Erophila

praecox, lieich. ; Lopigonum salinum. Fries; Juncus difFusus,

IIoppo ; and Calamagrostis lanceolata, IMh.

JAMES W. WHITE, Hon. Sec.

May, 1888.

CHEMICAL AND PHYSICAL SECTION.

DURTNCt the past Session four meetings have been held

at University College, and pa,pors have been read by

the following gentlemen : Dr. A. Richardson, Mr. W. A.

Shenstone, Dr. S. Young, Mr. D. Codrington Selman, and Mr.

P. A. Cobbold.

The number of members is 3.5.

SYDNEY YOUNG, lion. Sec.
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ENGINEERING SECTION.

~p\DRING tho Sossinn 1887-8 oifflit, mnotiTifrH woro liold.

-L^ The following papers were road :
" Tho Arch " (tAvn),

Mr. Charles Richardson, O.E. (President); "Tho Sotting of

Stoam Boilers," Mr. C. J. Spencer ;
" Continuous Brakes,"

Mr. A. W. Metcalfe ;
" Tunnelling through various Strata,"

Mr. Jool Loan ;
" Transmission of Power by Sphere

and Roller Mechanism," Mr. E. Shaw ;
" Some Indicator

Diagrams taken from a Condensing Engine," Mr. II. H. R.

Pope ;
" Future Engineering," by Mr. H. H. Simpson.

Tho members of the Society generally were invited by the

President, Vice-President, and Committee of tho Section to

attend the meetings at which the papers on " The Arch "

woro road.

NICHOLAS WATTS, Hon. See.

ENTOMOLOGICAL SECTION.

TA TIRING tho summer mouths only one excursion was
-L^ taken by the Section, to Dursley, on July 5th. A
largo number of species were taken by the diiforont members,

among them being Arge Galathea, M. Aglaia, L. Alsus, II.

Linea, G. Obscurata, M. Euphorbiata, E, Trilinearia, D.

carpophaga, botyshyalinalis, ])auda]is, lancoalis, and cinc-

talis, and among the plume moth.s Ostoodactylus, Phaso-

dactylus, Galactodactylus, and many others, tho excursion

being ono of tlie most successful over taken by tho Section.

At the indoor meetings of tho Section a very largo number
of interesting species, both British and exotic, have been

exhibited, tho most singular being a hermaphrodite specimen

H II
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of Odonestes Potatoria, one side being the male form, and

the other the female ; the male and female forms being so

different gave the specimen a very peculiar appearance, the

heavy jilumed antenna) of the male being in strong contrast

to the liner female form. Another very interesting exhibition

was a hybrid between two of the large Sphinx moths, S.

Populi and Ocellatus.

No papers of importance have been road during the

Session.

GEORGE HARDING, Hon. See.

T
GEOLOGICAL SECTION.

WO evening meetings of thp Section have been held

during the past Session, when papers were road by

Mr. Joel Loan on the " Dolomitic Conglomerate of Bristol,"

and by Prof. Lloyd Morgan on " Elevation and Subsidence,"

respectively.

ROBERT A. CHARLETON, Hon. Sec.
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Uead Tuesday, January ISlh, 1887.

Gi'iNTr.KMi™,—On. tlio occasion of onr former meeting in tliis

])l,'M',e, when it was decided to form an l^Jngineering Section

of the Natui-alists' Society, and you elected gentlemen to

fill the varions offices of Committee Men, etc., to the Section,

yon did mo the hononr of electing mc to bo the first Presi-

dent, notwithstanding my natural hesitation to assume that

office, on account of, amongst other reasons, my defect of

hearing.

T have now to return yon my warmest tli aides for the

unanimity with which you did me that honour, and to as-

sure you, moreover, that it is the more gratifying to me
l)e(!ause I i,ako it to be—in a manner, and amongst my
neighbours—a recognition of mo as the originator and do-

signer of the largo and almost unpi'ccedentod engineering

woi-k in this noighboiirhood, which ha.s acquired consider-

able notoriety on its completion of late.

You all know, of course, that I allude to the Severn

Tunnel. I may add that I have been all my life engaged in

tunnelling, having begun in the Thames Tunnel in 1837,

and now ending in the Severn Tunnel in 1887 ; having my-
self cut the first sod of the Great Western Railway on the

2



4 THE president's INAUGURAL ADDRESS.

Box Tunnel, and that of tlio Bristol and Exojtor Railway on

Cambridge's Batch Tunnel, in company with my old friend

George Clarke, now of Dowlais.

Having got through this little personal matter, I will

now proceed to discuss our own special objects in thus meet-

ing together, though I must allow that it was at first some-

thing of a puzzle to me to decide what thread of connexion

there could bo between the parent Society of Naturalists

and such an offshoot as the Engineering Section : what title

they have, in fact, to claim the fatherhood of sach an olf-

spring.

I have only been able to satisfy my conscience upon this

point by recalling to my mind that Naturalists are the dis-

ciples of Na,tnro iu all her grandeur, both animate and in-

animate ; and that the living animal is the highest study

in Nature: for even the inanimate remains, and other

evidences of a former existence that they ha,vo left bc^lnnd

them, form a distinctive branch of study in one of our most

interesting and popular sciences of the day, and by the most

learned professors of that science.

Now, I claim for the lllngineors that their ingenuity has

devised and constructed a most useful arid powerful machine

which makes the nearest approach to the living animal yet

known, and this without being a mere copy ov outside imita-

tion of any aninuil : I mean, of course, the locomotive, or

" iron horse," as it has sometimes been called, which, I take

it, forms, as I have said, the nearest approach to the func-

tions of a living animal ever yet made by man. It consumes

its food and its drink, and dejects the refuse ;
and these

operations are necessary for it to maintain its active powers.

It breathes and puffs like ahorse— more particularly while

drawing a heavy load, or going up hill—and it is under the

full control of its driver) like the best trained draught
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animal ;
and, laRtly, it is equally nsefnl as tlio servant of

man.

I'liese points of resemblance I maintain to be conclusive

to my argument.

Many years ago, I recollect to have read tliat a very in-

genious French mechanician, of the time of Louis Qiiatorze,

I think, made an artificial duck which could swim about

upon a large basin of water by means of its legs, and move

its head naturally as it did so. It would stop to preen and

apparently lubricate its feathers. It would take its food,

and swatter in the shallow water at the edge of the basin,

and, witli French-like ingenuity, was made to discharge its

dojeota: all, as the account said, in the most natural man-

ner possible, and to the admiration of the king and his

courtiers. I do not I'emember whether it could quack like

a duck, though I should think that most characteristic

melody could hardly have been omitted. But though this

was considered at the time a most wonderful imitation of

nature, yet it had to be wound up, and no doubt otherwise

prepare<i for a second performance in the most jtranatural

manner, by taking out the food it had swn.llowed, and rj-

placing the imitation dejecta it had evacuated.

This was no doubt an ingenious and, what might be callc I

a duck of an invention ; but it was simply an outside imita-

tion—it had no sort of life in it, and could do no work like

our noble locomotive. The palm, therefore, must be given

to our mechanical engineers of the present day.

Accepting this theory of connexion with our sponsors, the

naturalists, as being in every respect satisfactory and sufFi-

oient for our purpose, I may now be allowed to crave your

attention to a few fLirther remarks on a no less important

subject—namely, the object we have in view in assembling

hero this evening.
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Wo asscmblo, tlion, to discuss various ;ind .special ques-

tions in engineering, both scientific and practical, with the

object of enlarging our views, and of profiting by the prac-

tical expei'ience of one another in every variety of engineer-

ing work. This is an oljject that should be attended with

benefit and instruction to all of ua.

The profession of the civil engineer at the prc^sont day

embraces so many special departments that I sn[)poKO no

one engineer is at home in all of them : that, in fact, like

as it is in all other professions, every engineer mast bo

more or loss of a specialist, having had his thonghts and

his practical, experience concerned chiefly and more j>articu-

larly in some one special department of the profession.

This, I have no doubt, wo shall find to bo the case

amongst onrselvos. Bat, notwithstanding this, wo shall all

doubtless have a good deal to learn from one another by

reason of individaal differences of view and of expoi'ieneo

in every subject; and I will further maintain that an en-

gineer in any one branch of the profession will be more

likely to form a sound judgment upon an engineering ques-

tion in any other branch, than one of the outside pnblic, by

reason of his practical training, and of his constant habit of

deducing the cause from the effect ; and that, therefore,

when an engineering expert in any one branch details his

views and experiences upon his own subject, he will have a

more interested and appreciative audience oven among tliose

engineers who have not, like himself, made that subject a

specialty, than he would in any general audience.

In tlio discourse that is to follow these rema-rks, on the

Subject of Chilled Iron, for example, you will no doubt have

valuable practical remarks upon a very important and in-

teresting subject, which will be of uso and of interest to aJI

of us; though, for myself, I have not liad very much to do,
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except incidentally, with tho special question, having only

had to do, to any great extent, with ironwork in the form

of I'oofs, bridges, and railway work in general.

In my own expei'ience, I have found that ironwork is of

great value in its proper place and when judiciously ap-

plied
; bat otherwise it sometimes has its faults. I think,

for example, tliat in building bridges engineers have rushed

too indiscriminately into ironwork, and that in many cases

our successors may have to pay largely for it in repairs and
renewals, and that before many years are over. My opinion

is that engin(;ers are exceedingly bold in ironwork, and

exceedingly timid in brickwork and masonry, far beyond

tlieir relative mei'its
; that, nowadays, too many iron-topped

bridges of modtirato span are erected for railway and such

like purposes, when good brickwork or masonry arches

might have been used in preference. I have three objec-

tions to these iron tops : firstly, thoy cost a good deal more

nioney ; secondly, they are, as a I'ule, abominably ugly ; and

tliirdly, they ai'o of very uncertain durability.

In talking upon tho subject to one of our most eminent

engincei-s a short time ago, he backed up my opinion by

telling me that he had had to rebuild many iron bridges

that he had himself built ; and, among others, two viaducts,

each containing a number of spans, and all within a period

of some forty years only.

The cause of the defect in strength is also very difficult

to find out in some cases, as it was in one of these viaducts.

From the increased dellection under a passing train, they

could pci'ceive, on close observation, that tho spans were

getting decidedly weaker
;
yet thoy could discover no cause

for it. To the eye and to tho rule every plate in tho bridge

seemed as sound as ever. The bridge was well painted ; no

piece of iron had diminished in size, and no flaw could bo
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scon after careful examination, yet the hridp^c liad become

much weakei-; so, as a final test, a portion erf a rivetted

joint was cut out and examined. Externally the joint was

perfect. The plates a,nd the rivet-heads were all apparently

tight and close ; but when tlio joint was cut open for in-

ternal examination, it was found that the rivets themselves

had been corroded greatly at the joint between the plates

in the middle, so much in fact that they did not there retain

half their original strength ; hence the hidden source of the

weakness that had been observed.

On the other hand there are, of course, cases of very

limited headroom, where iron-topped bridges arc a necessity,

such as that for which I erected the iron-topped bridge for

the Bristol Harbour Railway to pass over Victoria Street,

where we had only sixteen inches of headroom ; and there

are cases of very wide spans, where iron may be the most

suitable material.

With regard to bridges of largo span, thcori(!S as to the

possible limit of span in iron bridges have been promnlgnted

from time to time, and it was reckoned that a span of 1,500

feet for a railway bridge might be accomplished in that

material. But now, by using steel instead of iron, that

limit has been extended in favour of the stronger material

;

so that we have at the present time a bridge in process of

construction, across the Firth of Forth, of 1,700 foot span,

three to the mile, an immensely bold conception.

Talking of theories, it is a common saying that " tiicory

and practice don't agree." Now, I for one do not admit the

correctness of this apothegm. I say, on the contrary, that

theory and practice must agree, if the theory be only

properly applied to the practice. If a wrong theory be

applied, or if any fact be omitted from the theory, why, of

oour.se it does not, neither could it be expected to apply

;
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and I think it will always be found, in sncli a onso, tlmt

something lias been omitted.

I may mention a remarkable instance of tliis, wliicli

oocuiTcd wlion tlio Bill for making tbo Great Western

Railway was in Parliament in tlie House of Lords. The

opposition oamc from the London and Southampton Com-

pany. They retained the celebrated Dr. Lardnor, amongst

others, to give evidence for them against the Bill ; and he

selected the Box incline, of 1 in 100 for about three miles,

as the strong point for his evidence.

Yon may remember that this was in 1835. Railways

were then in their infancy ; and Dr. Lardner had the name

of being a groat mathematician, as well as the editor of his

then well-known scientific GyclopauUa. I was a pupil of

Brunei's, and attended the committee-rooms in tliosc days.

His evidence wont to the effect, that the trains descend-

ing this incline, if at any time and from any cause the

brakes were to fail (as in all human affairs they must be

expected to do sometimes), the train would run down the

incline with a constantly accelerated velocity, until, at the

bottom, it would h.ave acquired a speed of 120 mil(>s an lionr

—a speed lie tliought their lordships would not bo ])rcpared

to sanction.

The members of the CommitttiO were all aghast at sucli

evidence from such a man.

Now, the Doctor's figures wci-o no doubt quite correct

according to Ms theory, which was that of a body falling

160 feet in vacuo; but he altogether omitted the restraining

forces of friction and air resist.ance. If he had taken those

into his calculation at their true value, he would have found

that the train would have got up to a speed of 56 miles

an Jionr, at about which speed it is found that frictional

resistance balances the force of gravitation : so that if a
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train enters the tunnel at a greater speed than that, it

gradually fa.lls back to that speed ; and if at a less, it gets

np to that, and at that speed remains.

Brunei was full of ingenuity ; and in. reply to this, ho

pointed out that the Doctor had forgotten to take into full

account the items of air and frictional resistance : and in

addition to this, ho went that evening to a skilful carpenter,

and had a very cleverly-designed wooden model made of a

gradient of 1 in 120 on a railway six feet long, natural

scale, representing this gradient running down out of a deep

cutting at a tunnel nioutli.

Kow, it must bo borne in mind that, on a length of six

feet, the gradient would be only six-hundrodths of a foot, or

three-quarters of an inch ; and I must mention liero tliat

Brunei had the art to make this model in such a way as to

completely deceive the eye, by placing the line of rails

between heavy cutting slopes falling steeply in tlio same

direction. The deception is caused by the great contrast.

The model was made of white deal ; it was beautifully

finished, and quite true, as could bo measured by a rule at

the ends. It was delivered at the G.W.ll. Parliamentary

Consultation-room at half-past nine the next morning, and

placed upon the table under a green cloth.

Presently Brunei came in with Harrison, tlio G.W.ll.

counsel, and others. The big thing on the table under the

green cloth immediately took every one's attention ; and

Harrison said :
" Wliat in the world have you got there,

Brunei, under that green cloth ? " Brunei answered : "An
exact model of the dreadful gradient of 1 in 100 which is to

take us all to everlasting smash, according to Ur. Lardner.

I wanted you to behold this thing of awe ; bat before I

remove the cloth, I wish to make certain conditions : You

are not to touch the model, but to inspect it from all sides
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as carefully as you ])loaso ; and then to tell me, if you can,

wliich wn,j the gradient falls—from whore to -whore, point-

ino- it out with your finger." He then took off the cloth.

Harrison walked round tlio model, carefully inspecting it,

according to orders ; but having formed a decided opinion at

the first glance—an opinion which was only confirmed by

further inspection—ho said: "It falls from there to there,

of course; anyone could see that." Brunei then gave him

a marble, saying: "That will tell no lies. Now put the

marble on the centre of tlie model, mind—not at eitlier end

—and see what the marble says." Harrison did so
;
and,

to the great astonishment of himself and of all the others

(except Brunei), it ran the other way. After getting over

his surprise, Harrison exclaimed: "Why, I'd have bet a

thousand pounds to one it fell the other way !
" However,

he presently rubbed his hands, and said: "I'll take a nice

rise out of Joy (the opposition counsel) with this."

The model was then taken to tlie committee-room, and

placed upon the table under its green cloth.

Wlujn tho Committee had all assembled, and were eyeing

curiously the green cloth, Harrison stood up and said

:

" Their lordships had all heard the alarming evidence given

yesterday by Dr. Lardner respecting the Box gradient of

1 in 100. His ingenious friend, Brunei, had in tho meantime

made an exact model of this gradient as it would appear on

emerging from tho lower end of the Box tunnel. The

gradient of tho model can be proved to be perfectly accu-

rate ; but instead of being such a dreadful affair as tho

learned Doctor had represented it, their lordships would

perceive that it was a very harmless affair indeed ;
and he

would take the liberty to request his learned friend opposite

to put on his best spectacles, and ho would defy him to say

which way the gradient fell." The cloth was then removed
;
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and Joy, tlins appealed to, said :
" Oli, any ono can see wln'ch.

way it falls !
" pointing it out. TIio marble was then handed

to Joy, Harrison saying at the same time :
" Tin's will prove

the fact withont fail. Will my learned friend be kind

enough to place this marble on the centra of the model, and

not at cither end, to show which way it does fall ?
"

Joy did so with full confidence; but to the surprise of all,

Committee included, it again ran the wrong way. The

astonishment was so great, and the deception of the eye so

complete, that the members of the Committee tried it them-

selves over and over again, wondering at the marble always

running, apparently, up hill. They thus found out that

thoy could not, in all cases, believe the evidence of their

own eyes.

Those eye deooptions, as most of you doubtless are aware,

are not very uncommon. For example : a Grecian column

has to be bulged in the middle to make it looh straight. If

a straight horizont.al tie rod. in an iron roof is, from the

position of the observer, cros.scd by two other rods at a

wide angle with it, like a broad letter A, the tie rod will

appear to be greatly bent at the points of crossing ;
and the

eye cannot reconcile itself to this deception so as to make it

look straight when you know it is so. I could adduce more

in.stances ; but these may suffice as an illustration of the

fact.

And now. Gentlemen, I think I have occupied your time

long enough in this disoursory fashion ; and I will, with

much pleasure, make way for Mr. Morgans and liis more

pertinent discourse upon the subject of Chilled Iron.
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By THOMAS MOEGANS.

(Abstract of Paper read on Tuesday, January 18th, 1887.)

A MONG tlic descriptions of chilled castings in common
-^-^ use, the anthor instanced the following :—slicet, corn-

milling and sugar rolls, tilt hammer anvils and bits, plough

shares, " braases " and bushes, cart-wheel boxes, serrated

conos and cups for grinding mills, railway and tramway

wheels and crossings, artillery shot and bolts, stone-breaker

jaws, circular cutters, etc. Mr. Morgans then spoke of the

high reputation of sheet mill rolls and wheel axle-boxes

made in i3ristol. Of the former ho remembered that so long-

as thirty yeai's ago sheet I'olls made by Messi's. Bush &
Boddoo (predecessors of Messrs. Bush & do Soyres), of

Cheese Lane, were most genei-ally in use in the tinplate

mills of South Wales. Of the latter, in combination with

wrought iron wheels and steeled axles, the local Wagon
Works Company are exporting large numbers.

The comparative hardness of good chill and that of the

most higlily hardened steel, used for say die stamping or

chill cutting, was referred to. This is one of the abstruse

parts of the subject. In the matter of a footstep for an
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upright shaft, opposite opinions arc to bo met with as to

whether a chilled cast-iron or hardened steel step is the

harder. In this instance other considerations—as compara-

tive contexture of the rubbing surfaces in contact, tenacity,

lubrication, etc.,—come in to affect the result. A tool that

cuts chill must seemingly be harder than the chill itself,

but in this case tenacity comes in as a factor. For laminat-

ing and sometimes punching hot metals, the nature of the

hardness of chilled cast-iron enables it to hold the field.

Obviously a hardened steel roll for a sheet mill would

become worthless as soon as it approached an annealing

temperature (ranging from 420° to 600° Fahr.) in work.

With respect to the strength and fatigue resistance of

chilled castings, details were given of some impact tests

made in July, 1864, at Pontypool, in the presence of Captain

Palliser, upon some of his cliillcd artillery bolts, 12J inches

long by 4 inches diameter, made from Pontypool cold-blast

pig iron. Those made from No. 1 pig iron (the most gi'aphi-

tic and costly) broke more easily than those from No. 2 ; and

so on, until those made from No. 4 were tested, when the

maximum strength was readied. No. 4 pig iron was in

fracture a pale grey, bordering on mottled. The bolts

made from it chilled throughout; those made from No. 1

pig would not chill more than -| inch deep. The same mould

chills were used for all the bolts.

Several points regarding foundry operations in the pro-

duction of chlled castings were raised for discussion. They

embraced the depth of chill to bo imparted to chilled rolls

and railway wheels, and, in the case of traction wlieolsj

the width of chill in the tread
;
preparation of the chills

(by coating with various car'bonaceous matters, lime, beer

grounds, or occasionally some mysterious compost) and

moulds ;
selection and mixture of pig irons ; methods and
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plant for melting; snitable heat for pouring; prevention

of lionoycombing
; forrostatic pressure of head ;

" feedin" "

etc. Molting for rolls being mostly conducted in rever-

bcratorlos, the variations in the condition of the furnace

atmosphere, altering from reducing to oxidising, and vice

versa, in cases of bad stoking and different fuels, were re-

ferred to as occasionally affecting results. Melting beino-

an operation involving appreciable cost, and the achievement

of corresponding furnace effects in a series of meltings of a

standard pig mixture being a matter of much moment, the

question of the suitability of Siomen's Radiant-lioat Molt-

ing system for this purpose was introduced for discussion.

For promoting the success of a chilled roll in its work,

latlieing or turning it to perfect circularity in the necks first,

and then turning the body while the necks bear in steady

brasses, are matters of the utmost importance. Tlie author

next referred to the great excellence for chilling purposes

possessed by some American pig irons, and to the fact that

iron of a given carbon content derived from some ores and
fluxes may differ much, in chilling properties from iron hold-

ing a similar proportion of carbon (free and combined)

derived fi'om other ores and materials. Those irons are best

which develop the hardest possible chill most uniformly to

the desired deptli, without producing a too abrupt lino of

division between the hai'd white skin and the softer grey

body.

The impossibility of securing a uniform quality and che-

mical composition in any number-grade of any brand of

pig iron over a lengthened period was adverted to. At some
blast furnace establishments the pig-iron product, owing to

ono or other of several causes that were mentioned, varies

from day to day. In others the changes occur less frequently

but with equal certainty. Consequent from this a too reso-
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lute faith in any particular make of pig iron is likely to be

at times ill-requited.

Occasional physical testa, accompanied with chemical

analyses of irons used for chilling were advocated, and the

author was of opinion it would bo well whenever a chilled

casting had enjoyed a good reputation for standing up to

its work, that when it was retired from service some por-

tions of it should be chemically analysed, so as to obtain

clues to compositions of excellence. Great advantage would

ultimately arise from a comprehensive series of such exam-

inations.

Some of the physical characteristics of chilled iron, as well

as the surprising locomotive properties of carbon present in

heated iron, were noticed. Attention was called to some

Goi'man data, published by Dr. Percy in 1864, concerning

an iron which before molting weighed (approximately),

448.^ lb. per cubic foot, and contained (approximately) 4 per

cent, of carbon (^ being graphitic, and £- combined). The

chilled portion of a casting from this had a specific gravity

equivalent to 471 lb. per cubic foot, and contained 5 per cent.

of carbon, all combined. The soft portion of the same cast-

ing weighed 447f lb. per cubic foot, and contained .'JJ per

cent, of carbon (3;,- being graphitic and f combined). Mr.

Morgans doubted whether so great an increase in density

often arises from chilling. Tool stcel,whcn hardened by being

chilled in cold water, docs not become condensed, but sliglitly

expanded from the bulk it possesses when annealed or soft.

Here an increase of hardness is accompanied by a decrease of

density. The gradual development of a network of cracks

over the face of a chilled anvil or bit being used in tilt

hammers was mentioned. Such minute cleavages become

more marked as tlie chill is worn down by work and from

grinding. Traces of the same occurrence are observable
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over the surface of muoli-worn chilled rolls used in slioct

mills. In such cases the sheets get a faint diaper pattern

impressed upon them. The opening of crack spaces points

to lateral shrinkage of the portions of chilled material they

surround, and to some release from a state of involuntary

tension. If tliis action is accompanied by some actual densi-

iicatlon of the lissnred chill, then we have a result that possible

conflicts with the example of condensation from chilling cited

by Dr. Percy. After expressing a hope that a good trade in.

corn-milling chilled rolls may grow up in Bristol, the papoi'

con<;ln(k:d with an inquiry as to tlio most economical and

least troublesome means of eitlier breaking up or raoltinf

worn-ont sheet rolls, some of which occasionally consist of

lumps of three tons weight.

DISCUSSION.

Mr. de SoTEES had always remarked tho surprising con-

solidation and absence of honeycombing in the bodies of

broken chilled rolls. He did not think it was usual in

this country to use a pouring head of so groat a height

(with corresponding augmented liquid pressure) as men-
tioned by tho author of the paper. Whore an open-hearth

melting plant existed, tlie melting down of old rolls was not

difficult nor expensive. He agreed with much that had been

said as to tho importance of pig mixtures and uniformity of

melting.

Prof. Ryan referred to the chemical composition of cliill-

mg-iron mixtures as being of importance, and ho advanced

views to account for tho cracking which develops in chilled

surfaces subjected to heat dni-ing wear.

Mr. SuTCLiFifE drew attention to tho comparative effect of

radial and tangential "gates" for introducing the molten

p
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raotal to tlio monld, and also to a mctliod of sooting the

interior of the chilled portion of the mould, and also to the

role played by this sooty or other covering in, among other

things, preventing the sticking of the casting to the mould.

Mr. Gkoss mentioned some remarkable results in working

endurance evidenced by some chilled tramciir wheels made

in the Gateshead district. He added that old beer grounds

undoubtedly made a good wash for the surface of the chill-

ing mould—probably because of their carbonaceous con-

stitution.

In reply to Mr. Hahvev, the AiiTiron, of this paper said he

was unacquainted with any exact expoiumcntal data refer-

ring to the tenacity of chilled iron. Hardening steel increased

its tenacity up to a point with, concurrent modification of its

flexure resistance. The strength of the Pallisor bolts which

were chilled throughout was very striking.
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By JOHN W. I. HARVEY.

Bead on Tuesday, February 15, 1887.

T3EF0RE describing tJio motliod ndoptod in tin's case,

-L-' perhaps it will give you a clearer understanding of

l,li.o matter if I shortly state the conditions under which these

engines were working prior to their conversion, and more

especially as in the seai'ch after economy the history of those

engines is somewhat unique if not altogether exceptional

;

a;nd as I go on, you will have your attention directed to the

fa,ct of three separate classes of engines at work in the same

hull, viz., " jot condensing," " surface condensing," and " com-

pound," under almost identical conditions of "draught of

water," "displacement," "midship area," " propeller," etc.,

from which probably wo may be able to draw some useful

conclusions as to the cost of motive power in steam vessels,

having I'cgai'd to the description of machinery employed.

Now, gentlemen, I am aware that the object of onr meet-

ings here is our mutual advancement, but in order that you

may have a clear understanding of the several conditions

19
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uiulor which tlicso onji-iiics have been working, I must asl-

your indulgence it' I take you so far back as the year 1868

in which year the vessel I am speaking of was built.

Her dimensions are as follows :

—

Length 2G1 feet.

Breadth .....
Depth of liolil ....
Gross tonnage ....
And her " draught of water "

was 9 feet ii inolios mean,

diaplaeement of

And midship area of

Co-efflciont of Fineness .

She was then fitted with a pa,ir of oscillating paddlo-wheel

engines oi: 350 nominal horse power, having 2 cylinders

each, 66 inches diameter x 72 inches stroke ; her condenser

was on the jot condensation principle, and the vacuum was

maintained at 25 inches by two single-acting air pumps, 42

inches diameter x 28 inches stroke.

The feathering paddlo wheels were 23 feet 6 inches dia-

meter over the outer edges of the floats, and each wheel was

fitted with 10 floats 10 feet wide x 3 feet 8 inches deep, and

at the above mean draught (9 feet 3 inches) the total immer-

sion of the floats in both wheels was 220 square feet, giving

•187 square feet per ton of displacement, and just 1 square

foot per s(inare foot of midship area.

Steam was supplied to these engines at 30 lbs. pressure

by 4 rectangular boilers having 16 fui-naoos, with a liregrate

area of 350 stpiare feet, and the total average consumption

of good Welsh coal, to which I wish to call your particular

attention, was 92 tons per voyage.

I am compelled to state the consumption thus bi'oadly in

terms of the voyage, as, owing to disturbing causes, such as

"varying speeds," "strength of the tide," "waiting for water
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1-0 enter the harlioui'S," find " lying witli bnnked fires," tlierc

is no reliable (Lata available wlierebj tlio exact consumption

[)er liour at full speed could bo obt-ained without a special

trial, for which there was no opjiortunity. JSiit iis tliis vessel

has been uniformly employed upon the same service, this

will be quite sufficient to enable us to compai'o the results so

as to get at the economy of the tlu'ee systems. I should

.state thfit the consumption in each case lias been ari'ived

at by taking the average for twelve months.

The rate of combustion is 15 lbs. per square foot of gi-ate

per hour, which was found to be the most economial rate

with natural draught (for wo have not arrived at forced

draught in this vessel yet), and for obvious reasons this is

the rate which has been maintained tliroiigliout.

Under these circumstances then, the mean pressure in the

cylinders was 21^ lbs. per square inch, the engines made 30

revolutions per minute, and developed 1,605 indicated horse

power, giving the vessel a mean speed of 14i^„ knots per

hour, and a displacement coefficient of 194.

These, then, are tlio conditions under which the iirst

ari-angoment of the macjhinory woi'lced for eiglit years.

Then had to bo realized the fact experienced by all who

liave charge of the practical working of engines and boilers,

that whereas the engines were in a condition to still develop

their maximum ])owor, i)rovidod siifliciont energy was ap-

jjlied to the pistons in the shape of steam at good pressui'e,

on the other hand the boilers themselves were feeling the

effects of old ago, indi(^ating tluit it would be prudent to

allow them to retii'e from active service as soon as con-

venient ; so that, in common with the fate which awaits

niortids as well as ma,ehinery, they wore gracefully retired,

and eventually found a resting-place on the scrap heap.

This, then, brings us to the year 1875, and to the consider-
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ation wliethcr the old state of thingf? sliould be porpctnatcd

by replacing the old boilers with new of similar construction,

or whether by some means the efficiency of the vessel as to

speed and cargo-carrying capacity conld still bo maintained,

and at the same time the coal bill reduced, which is as you

are aware the big leak through which the gross earnings

of a stefi.mcr disperses itself; and I would take this

opportunity of improssing upon you all, in these times of

distressed ship-owners, with what readiness they would re-

ceive any one who would introduce to them a means where-

by their coal bills may be mateiially I'educcd or done away

with altogether.

I have great faith that electricity has a mine of wealth in

store for us here. Cannot some of our electrical bi'cthren

come forward and help us ?

However, I must not waste any more time in vain specula-

tions, but return to the consideration of what is to bo done

with our boilers.

At this time scarcely anything was being built but com-

pound marine engines, with boilers working up to as much

as 100 lbs. per sqnare inch, and consuming about one-half

the coal per indicated horse power ; here at once was a great

field, for a reduction in the coal bill, and there was consider-

able difficulty in resisting the temptation to discard tho old

machinery altogether, and rcplac(! it with othoi' on tho com-

pound principle, had not tho question of pounds, shillings,

and pence obtruded itself into the calculation. How much

more satisfactory to themselves it would be were engineers

allowed carte blanche in these matters !

As it was, at that time, although it was seriously undei-

consideration to fit the vessel with the compound machinery,

competition was not so keen as to warrant such a heavy out-

lay as the doing so would involve ; and although it was

A
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also under consideration how the existing engines conld be

cheaply compounded, it was found it could not be done in

the space at disposal, and the same rate of speed maintained.

So that tlio idea of compounding had to bo abandoned, and

recourse had to the only other plan of securing economy, by

fitting the vessel with a surface condenser and smaller

boilers working at the orginal pressure, whereby it was anti-

cipated that a considerable saving, of twelve per cent., in the

consumption would result by working the boilers with

condensed water instead of sea watoi', thus obviating the

necessity of what is technically known as "brining" the

boilers, and at the same time in a great measure doing away

with tlio expense of chipping and scaling necessary to keep

the old boilers clean.

Tlio now boilers were in consequence made with 14

furnaces instead of 16, giving 307 square feet of grate

surface instead of 350 square feet as before. This reduction

in the boiler capacity barely allowed room for a surface con-

denser having 4,754 square feet of cooling surface, and a

IG-inch. centrifugal pumping engine. The exhaust pipe of

the cylinder of this engine was connected to the condenser, so

that when the main engines were at work it consumed little

or no steam, and the power to drive the pump was almost

entirely derived from the vacuum in the condenser. At firsi

the two large air pumps were kept going as with the old

arrangement ; but on trying the engines for a voyage with

one air pump working only, there was found to be aS good a

vacuum as whoii, both wore at work. One of the air pumps

was then permanently disconnected, and kept as a spare

pump, which of course had the effect of relieving the engines

of the power required to drive this pump ; or in other words,

transferred that power from the pump to the paddle

wheels.
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Very well, then, to sum up the conditions upon wliicli this

vessel entered on her second commission in 1875:

—

Two cylinders, 66 inolios diameter x 72 inches strolcc, as before.

Working pressure, 30 lbs., as before.

New surface condenser, with 4,7.54 scj. feet of cooling .surface, in-

stead of the old jet condenser.

Now Ifi-inoh centrifugal pumping engine.

Four boilers, with 14 furnaces instead of IG as before.

Paddle wheels, the same us before.

The draft of water, displacement, midship area, remaining the

same as before.

The result was that pi'actically the same horse power was

developed, the same speed was maintained, and the con-

sumption was reduced to 84| tons per voyage, equal to a

saving of 81 percent. As I have stated before, the saving

expected was 12 per cent., but it appeared that this was too

sanguine a view, and economy on the lower scale was not

despised, as it -meant close on 400 tons on the year's worlc-

ing. Very well, then, she went on saving 400 tons a year

until this second set of boilers was worn out, in 1885.

And now I come more particularly to the subject matter

of my paper.

In the interval I need scarcely remind you that competi-

tion had become much keener, and that this vessel had to

compete with others in the same trade more recently built,

and fitted with compound machinery ; and it was peiT'foctly

evident that she would bo out of tho race unless a consider-

able reduction could be made in tho coal bill. The vessel

was too good and too great a favourite to bo cast aside as

obsolete, and the cost of new compound machinery would

have been such that so great an outlay would certainly not

have been justifiable. There was nothing left for it but to

compound the existing engines in the best manner possible,

providing this could bo done at modei'ato cost, and at tho
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same time sucli a rate of speed maintained as to enable lier

to hold her own with her newer rivals.

This, then, was the problem to be solved.

Fi'om tlio outset it appeared that, independently of the

boiler, it would bo necessary for economy's sake to retain as

much of the existing macldnery as possible; and to do this

it appeared necessary to keep one of the existing cylinders

as the low-pressure cylinder of the now compound arrange-

ment • for had it been attempted to fit a larger low-pressure

cylinder, it would pfa,ctica]ly have condemned the whole

ontTiiio. The old cylinders wore, as 1 have said, 66 inches

diameter x 72 inches stroke, and developed 1,600 indicated

horse power; and to have got this power out of a compound

enri-iiio witli the same stroke would have necessitated cylin-

ders 48 inches and 86 inches diameter respectively, which by

reason of want of space was out of tho question. It therefore

became necessary to so proportion the new high-pressure

cylinder as to obtain the maximum power possible out of the

old 66-inch low-pressure cylinder which it was proposed to

retain.

Now those of you who are familiar with tho construction

of an oscillating engine, and have entertained the idea of

compounding it, will agree with me that the first difficulty

which presents itself is how to got tlio stoiun out of tho

high-pressure cylinder into the low-pressure cylinder,—the

exhaust trunnion of the former being amidships, and the

steam trunnion of the latter being at tho ship's side.

I confess that here at the outset was a problem that fairly

pnz/dod me, and for some time I could not discover any suit-

able means of getting over it.

Wo all enjoy a strcjke of luck when it falls in our way,

and after mentally turning the engines inside out and up-

side down, I experienced this pleasure whilst pondering over
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the problem, wlien it occurred to me, Why not turn the old

low-pressure cylinder, that was to remain, round on its verti-

cal axis, the piston rod, and so bring its steam trunnion

amidships, and connect it by a short straight pipe through

the condenser between the air pumps to the exhaust trun-

nion of the high-presauro cylinder ?

Now I vontui'o to say that in nine cases out of ttsn, if you

tried to do this it would bo found that the columns, frames,

and details of the engine would not admit of its being done.

However, fortunately for my scheme, T found on trial that

the original designer had provided for such a contingency,

whether intentionally or not doesn't matter ; suffice it to say

that this was practicable in this case.

The next problem was how to got tho maximum power out

of a compound engine having a low-pressure cylinder only

66 inches diameter.

The mean pressure in those cylinders utidor the old condi-

tions was 21 1 lbs.; to secure the same result the boiler

pressure would have to be about 125 lbs. above that of the

atmosphere, a pressure considerably greater than it was

prudent to adopt.

I^ow hero it appeared that I had only got over tho diffi-

culty of the steam passages to be wrecked on the rock of

steam pressures.

There was nothing for it but to adopt a more moderate

boiler pressure, and consequently a lower indicated horse

power and a corresponding redaction in speed.

For various reasons a boiler pressure of 80 lbs. above the

atmosphere was fixed upon, and by putting in a more than

usually large new high-pressure cylinder, and carrying tho

steam well on through the stroke, tlior'oby get tho greatest

possible mean pressure in the low-pressure cylinder.

Working out this idea, and equalizing tlio jiower in tho
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two cylinders, it will be found that a higli-prossure cylinder

of 40 inches diameter, cutting off at eight-tenths of the strohe,

with 95 lbs. initial absolute pressure, will give about 50-4 lbs.

moan pressure in the high-pressure cylinder and IS'S lbs.

mean pressure in the low-pressure cylinder, and would at a

correspondingly reduced piston speed of 25 revolutions,

equal to 300 feet per minute, develop 575 horse power in

each cylinder, or a total of 1,150 indicated horse power, in-

stead of 1,600 as formerly ; and this reduced power would

giv'o a speed of 12^ knots per hour at the original mean

dv.M of 9 feet 3 inches and displacement 1,172 tons, with

the original coefficient 193, instead of 14J„- knots as formerly.

Such an engine would require two boilers, IG feet diameter

X 11 fecit long, with a grate area of 146 square feet, and a

total heating" surface of 4,500 squa,re feet, and the con-

sumption of coal I estimated would be 60 tons per voyage.

This appeared to be the best result that could be expected

under the circumstances, and the scheme was eventually

approved.

I will now shortly explain the alterations that were neces-

sary to carry out the idea. The method of compounding

those engines, then, was as follows :

—

To remove the old starboard cylinder, and in its place to fit

a new high-pressure cylinder, 40 inches diameter x 72 inches

stroke, with a receiver cast round it in the form of a jacket,

making the outside of the receiver about the same size as the

outside of the prosivnt old cylinder. To ha,ve two slide jackets

fitted as usual, but on the wing sides of the cylinder. To

admit the steam from the boilers by a steam trunnion at the

wing side as at present, and to exhaust it into the receiver

surronndiTigthe high-pressure cylinder and through its mid-

ship trunnion into a pipe or passage to be formed in the casting

of the old condenser between the two air pumps. To reverse
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the remaining old cylinder and trunnion blocks, so that the

steam trunnion may be brought amidships, and to take tlie

exhaust steam from the high-pressure cylinder through the

pipe or passage between the air pumps, and oxhaust it through

the trunnion at the wing side of the reversed old cylinder,

carrying it thence by a pipe into the surface condenser,

which was already fitted at the fore end of the engines; this

will bring the slide valves on the wing side of this cylinder

also. The same quadrants and valve levers will come in

again, but will have to bo removed frotu the midship

columns to the wing columns in ea,ch case, and a n(!vv link

motion to bo fitted to each cylinder, witli the eocentrics on

the paddle shaft close to tho outside of the wing bearings,

where the original expansion cams were (itted. A now weigh

shaft to bo fitted across the after columns, to actuate these

links. The starting to be accomplished by a now steam start-

ing engine in place of the present hand starting wheels and

r;icks, with sta-rting valves to each cylinder; by ])utting tho

slide valves on the wing sides of oaeh. cylinder, tho feed

and bilge pumps will have to be shifted from the wing to

the mid.9hip corncT's of the side frames, and new feed pumps

would bo requii'cd.

Two new steel cylindrical boilers would be rc(juii'cd, IG

foet diameter X 11 feet long, having in all six furnaces, 45

inches diameter x 7 feet long, giving 146 square feet of grate

;

572 3|-in tubes 7 foet long, and a tot.al heating surface of

4,500 square feet.

Thus producing a componnd engine with cylinders 40 and

66 inches diametei' x 72 inches stroke, working at 80 lbs.

boiler pressure, and sacrificing tho least parts of tho old

machinery,—one cylinder, the entablatures, shafts, paddlo

wheels, condenser, side frames, air, circulating, and bilge

pumps, etc., being retained.
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I do not think I nood enter hero more ftdly into the do-

tails, but I shall bo happy to give any further information

that you may dosh'o lator on.

Those altei'ations wore eventually carried out by the

original biiilders of tho vessel. It was the fii'st job of the

kind tliey had undertaken, and, as far as I know, such a

method of compounding an oscillating engine lias never been

attempted before or since. The ultimate result was watched

with interest and no little anxiety ; and when all was com-

pleted, and tho vossol proceeded to make licr trial trip, was

a very anxious time for all concerned—for it was a decided

case of " making a spoon or spoiling a hoim," and a very

valuable lioivu too. However, much to everybody's satisfac-

tion, when steam was got up for the first time, the engines

went away without a hitch, and all being found in order as

regards their working, the vessel was taken out on a trial

trip, and raiido three runs on tlio measured mile, witli the

following results :

—

Boiler pressure 79 lbs.

Eeoeiver ,, 16J „

Vaommi 25| in.

EoToluliong 25

Piston speed 300 feet.

Mean pressure, Iiigh-pressure oylinder . . 55-14 lbs.

,,
low-pressure cylinder . . . 21-40 ,,

Indicated horso power high-pressure oyhuder . C28-'J5

,, ,, low-pressure „ . . 670-11

,, total 1,299-09

Mean speed ot tho i5 runs

Mean draft . . . •

Corresponding displacement

Displacement coeiliciout

12-038 knots.

. 9 ft. 9 in.

1,217 tons.

. 177

A run wa,s then made between tlie Cloch and Cumbrn)

Lights, a distance of 1?>-G66 knots, which was covered in 1 hr.

3 mins. 15 sees., equal to a speed of 13 knots, with a j-knot
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tide in lier favoui', tlic indicated horse power being 1,239'2,

which gives a coofficiont of 190' 7.

Kow, taking the mean indicated horse power at 1,269, and

disphacement 1,172 tons, corresponding to hor original trial

draft of 9 ft. 3 in., and using the original displacement coeffi-

cient, 193, you will find that her speed, if referred to these

original conditions, would be 13'4 knots, against 14-^'^^ knots

formerly. So that with 336 less indicated horse power we

lose just three-fourths of a knot in speed ; or in other words,

it tiilvcs 336 indicated hoi'se power to got, the last thrce-

fonrths of a knot out of her under those conditions, or about

one-fifth of the whole power.

Now, in conclusion, when I am able to say that the pre-

sent average consumption of coal per voyage is 49 tons, aa

against 92 tons formerly, I think you will agree witli mo
that, notwithstanding the loss of speed, which fortunately

could bo spared, this di'awback, if it may be so called, is

fully compensated for by the enormous reduction in the

consumption. 15 ut the whole of the saving in the working

expenses does not lie in the reduced consumption alone; for

in consequence of only having six furnaces to fire, instead

of sixteen, she requires five loss firemen than before, which

with other incidental savings brings the total reduction of

engine-room working expenses to close on 42 per cent, per

annum, and this without impairing the vessel's elliciency for

the trade in which she is employed.

It is interesting hero to note that when working with

a jet condenser the consumption per voyage was 92 tons
;

when working with a surface condenser the consumption per

voyage was 84 1- tons ; and when compounded the consump-

tion per voyage was 49 tons ;—a saving of 46| per cent, over

the jet condenser arrangement, and 42 per cent, over the

surface condenser arrangement. I must confess the actual
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economy exceeded my greatest expectations, and brings voiy

forcibly before one what can be done by compounding. Tliis

resnlt was deemed higbly satisfactory, and has enabled the

vessel to compete succcssfally "with those of a more modern

type, and to retain her place on the line in which, through

all weathers and at all seasons, she has established for her-

self a favourable and widespread reputation.

I am afraid this bare statement of facts docs not afford

much ground for discussion, but there is one point in con-

nection with this subject upon which I should like to hear

your remarks, viz., How is it that marine engineers have

been allowed to get so far in advance of the locomotive and

stationary engine builders. For whereas marine engineers

and shipowners have been enjoying the benefits of the com-

pound system for the last twenty-five years, have in fact

been getting their indicated horse power for an average

expenditure of 2 lbs. of c;oal per hour, and even this system

is now almost obsolete witli. them, for engines on the triple

and quadruple expansion principle are rapidly displacing

the ordinary compounds, giving an indicated horse power

for an average consumption of 1|- lbs. per hour ; on the

other hand our railway directors and manufacturers are

still for the most part contented to give 5 or 6 lbs. of coal

for their indicated liorse power. Surely mechanical engi-

neering should not bo in the depressed condition it is in at

present with such a field for economy before it.

If quadruple expansion was applied to our locomotives, it

should result in the quadruple expansion of dividends, and

shareholders should get dividends of 20 per cent, instead

of 6 per cent., with which they seem now quite content.
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By G. W. SUTCLIFFE.

Bead on Tucxday, March 22nd, 1887.

HTN" the following notes there is no pretence to originality

-"- set forth, but the hope is felt that perhaps a good dis-

cussion may bo raised, as the subject is one which is more or

less within the pi-ovinco of all engineers. In .some measure

the matter is extracted from a paper laid before the Insti-

tute of Civil Engineers some years ago.

As a rule there is no sort of boiler whicli for consider-

able powers will compete with a Cornish or Lancasliire one.

Small powers are, however, most cheaply provided by the up-

right or crane boilers ; and where space is specially valuable,

some kind of tubular boiler may be adopted with advantage.

The grand advantages of the Cornish and Lancashire boilers

are that there are no very narrow spaces to become choked

up with sediment, ii,nd that thei'o need 1)0 scarcely any part

of the whole, inside or outside, which is not fairly accessible.

Other advantages are that they will stand mnoli abuse from

an incompetent stoker with impunity, and thai they are

comparatively little liable to prime.

Now as to the narrow water spaces, it may bo romai'ked

that many large boilers have been built and worked, in
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which the spaces ai'c much smaller than there is any neces-

sity for, and consequently scale accuimilates here; it is in

such, cases not unconmion to find scale of extromo hardness,

half an inch or more in thickness,—but this is a condition

of the past rather than of the present. Then as to accessi-

bility, there is but little to say, except that the seating

of all such boilers should be in tlie form of large fire-clay

blocks and that all those under seams or butts should be cut

almost through by a saw before firing, so as to be easily

snapped by a blow, when tlicse blocks can be easily arranged

so as to be withdrawn at any time, and the boiler most

thoroughly examined ; it may be here remarked that in good

practice boilers are now never set upon a central midfcather

wall, which has often set up a lino of ooirosion along each

side, and which also acts against uniformity of heating.

The freedom from priming, which is a happy experience

of the! use of these boilers, is caused in a great measui'C by the

ample water spaces wliich are so easily provided, and which

allow the greatest scope to the currents set up by convec-

tion ; the moi'o or less complete absence of this facility in

boilers of other types causes trouble of which the source is

often unsuspected. The comparatively large steam space

also tends to promote the production of dry steam, but in

this respect perhaps it would be too mucli to claim special

advantages, as many other types of boiler are well provided

on this point. It may bo here remai'ked, that if every boiler

made were to be provided with a slit or perforated pipe for

takinc off dry steam, much ti'ouble would be avoided.

Little need bo said as to the material of which boilers

generally are made, as this is becoming more and moi'e

exclusively steel instead of iron. Steel is now made so

excellent and reliable in nature, that it may be treated

almost anyhow, except at one particular temperature—at and

Q
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about what is known as " black-rod." Whilst, however, the

material has been loss reliable, it has been found to be

necessary to drill all holes in plates exposed to tension ; this

is found to bo attended with many advantages, and witlial at

such a low cost, that the universal practice of punching,

which was followed with iron, and which is now possible

with steel, will proha,bly never be rovoi'ted to on a large

scale.

All boilers should be fed with water which has passed

through some kind of feed heater, as by this means straining

of the plates owing to dKTorenecs in tenipei'ature are avoided.

Any feed heater which is used so as to take advantage of tlie

waste heat in the chimney gases, or in the exhaust of a non-

condensing engine, introduces an clement of ecoriomy wliieli

is of importance; but another advantage is also secured iu

the fact that with almost all descriptions of water much

solid matter is precipitated in the heater, and therefore

before its entry into the boiler. There is, however, a grea-t

probability that before \erj long some sort of apparatus for

the purpose of water purification or softening will come into

extensive use. If this should be the case, there will bo in

all good practice two separate appliances brought to bear

upon the water before its entry into the boiler, the first for

the removal of impurities, and the second one for a ])re-

liminary raising of the temperature.

A boiler of the ordinary class, with two furnaces, each

2 feet 9 inches wide, and a good chimney, will easily burn

twenty tons of coal per week's work of fifly-foui' hoiii-s, and

evaporate 160 to 200 tons of water in the same time. Mac-

farlano Gray's a,pproximate rule for marine boilers, is that

one ton of coal is consumed per foot in widtli of tlie grate

per twenty-four hours, irrespective of the length, from front

to back ; the above figures for a land boiler give about half as
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much more, whioli is chiefly due to the bettor draught avail-

able ashore. Chimneys ashore are usually much taller than

the funnels of steamboats, and of a substance which does

not so readily allow the cooling of the contents ; consc-

()ucntly the heated column on which the di'aught depends is

both hotter and longer, so as to be in a double sense more
offootivo.

Some years ago it was comparatively seldom that a feed

pump was provided in a boiler house, the boiler feed de-

pending on the engine feed pump, or at most a rough sort

of donkey pump was provided for use when the main cnn-ine

was not at work. More recently, however, there are so

many donkey pumps in the market of good design, that it

appears to be an open question whether or not engine feed

pumps should be altogether abandoned. By this means one

great lisk is avoided, wliich is often a serious one in connec-

tion with an engine driven feed pump, this is that the feed

valve is sometimes screwed down when the pump is working,

when, if there is no overflow valve, or if this valve is out of

order, a burst pipe is one of the least serious things which
can hiippen. If a separate donkey-pump is adopted, this

risk is entirely avoided, as any appreciable obstruction causes

the complete stoppage of the pump. The stoker ought to be

able to !i,tfcond to a donkey-pump as well as to a feed valve,

so that no objection need be raised on this score.

Thoro is one feature which does not receive anything like

the attention which it ought to receive in connection with

almost all pumps and water-pipes. It is in the fact that

unless the pipes, etc., are throughout exposed to a moderate

and fairly uniform pressure, all possibility of lodgment of

air in any part must be avoided. Almost all the mysterious

troubles encountered in the working of feed pumps may bo

traced to this one point ; there is some space where air may
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accumulate and not get away, and this air is exposed to

alternate condensation and rarefaction. The avoidanco of

this trouble may, in rare cases and on long lifts, lead to some

extra noise in the valves, unless they are narofolly designed
;

but on the whole, the gain is a really important one.

Steam being raised in the boiler is expended in the engine,

and this brings us to what is perhaps supposed to be the

chief part of the subject.

The enormous variety in engines which obtains in the

-world cannot be realised without some consideration. There

Sire horizontal, vortical direct, vertical invented, diagonal,

beam and other types, also high and low pressure, condensing

and non-condensing, simple, compound, and triple, and each

of these exists in innumerably modified forms. The most

common form is, however, the horizontal, which for large

powers is almost invariably compound. Thirty years ago,

almost all large engines were built of the old beam pattern,

which though a costly arrangement, lias never yet been

equalled for comfort in working, and for easy access all over;

in fact, neglecting the one element of cost, it is almost im-

possible to hope that any mechanical contrivance will ever

be invented which will be more perfect than a well-built

beam engine as arranged and perfected by Watt about a

century ago. In comparison with other types, however, the

engine itself is a very costly oue, and the foundations and

other preparations still more so ; true, some eoonomy has been

effected by the use of A frames under the beam centres and

in other ways, but these means oidy rednco the difference,

and do not change its character. Of the old beam engines

in use at present, there are comparatively few which are not

compounded, and usually under the system of MoNaught.

In this case the high pressure cylinder is placed under the

arm of the beam, to which the connecting rod is attached.
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and at about half way along tliis part, so that its stroke is

about equal to the radius of the crank pin. This relievos

the strain upon the beam centre in a most important degree,

and for this reason has been sometimes resorted to, even

where the attendant economy was quite a secondary matter.

In heavy driving ashore there is usually a great tendency

evinced towards very long strokes, six and seven feet being

not uncommon. This appears to bo a mistake, as often the

speed assigned does not reach forty revolutions per minute,

and under these conditions it is very difficult to insure such

stciidy driving as is often demanded ; in fact, it may be said

to be practically impossible with any great degree of expan-

sion in one cylinder, and consequently the compound system

is resorted to whenever any attempt is made towards econo-

mical working. The conditions imposed are not very unlike

those obtaining in a paddle boat, as described at the last

meeting. In. both cases the engines are of necessity heavy,

shw-woi'kirig ones, and in both cases uniformity or steadi-

ness in driving is a leading object. In each case an econo-

mical and satisfactory result is arrived at by compounding,

though regarded simply from the point of view connecting

coal bills and actual power obtained, it may be possible that

better results would bo obtained by expanding in single

cylinders to tlie same extent. As a rule it is not the prac-

tice to adopt an early cut-oif in compound stationary

engines, exceedingly common conditions specified being that

the lap shall equal the port, and that the port shall just

open wide ;
those give a cut-off at about throe-quarters

stroke. Under these conditions, many engines are vk^orking

on a consumption of 2 lbs. per I horse power, the bore of

the h)w-pressure cylinder being dcnible the bore of the higli-

pressure one, and the .strokes of the two equal.

Hitherto there appears to bo no cut-oft' motion actuated
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by the governor which is quite satisfactory and -which is

well received by all. The Corliss motion appears to bo as

good as any ; in fact, but for the dictum oi one leading

aathority, it might almost have been said to bo a very good

one, except for the reason that it is rather too delicate in its

natui'e for an engine room. The question of variable cutting

off is a very wide one, and one which has not received all

the attention which it demands, notwithstanding the multi-

tude of patents brought out and applied. Pei'haps much of

this neglect is due to owners, who require an earthquake or a

prolonged coal famine bofoi-e they will do much. It should

however be borne in mind, that in almost all cases the coal

bill is only a small part of the total expenditure which is

necessary to any particular undertaking. In railways, for

instance, tlie expenditure on coal only equals about one

twenty-lifth to one-thirtieth of the total receipts, and is

only equal in amount to about, say, one-seventh of the sum

paid in dividends; so that if the whole coal bill were annihi-

lated, the dividend would only be increased by that amount.

It is to be regretted that this should be so, and chiefly is it

to bo regretted for the reason that though the peenniai-y

loss is not an extravagant one, yet every ounce of coal burnt

unnecessarily tends to bring nearer the time when this

island will again be compelled to grow its own fuel, owing

to the exhaustion of the coal-fields ; or perhaps, still worse;,

have to import coal from some outside, and perhaps, now

barbarian nation. This is a point which rests more par-

ticularly with those connected with stationary engines,

rather than with marine or locomotive practice, as in these,

there is as a rule, a certain amount of expansion adopted

in practice. Neither is it as a rule the large stationary

engines which are at fault, but rather the medium and

small sizes, which in the aggregate come up to a very
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important total, and in which, for ono reason or another,

there is an incrodiblo amount ol coal frittered away to

small purpose. A certain amount of expansicm is good in

practically every case which has any pretence to good

practice; but whether or not this siiould be variable, and

if variable, whether or not it sliould bo actuated by tlio

"ovcrnor, arc questions to be decided in connection with

each case separately. If the work is very uniform, the ex-

pansion may be permantly adjusted. If the work varies at

certain considerable and well-delined intervals, tlic expansion

may bo adjusted by hand, and usually it is to be preferred

that this should be done outside the steam cliest, while the

engine is running in its usual manner; in eacli of these

cases a throttle valve of some sort, actuated by the governor,

is a necessity. If however the work is liable to vary at any

moment (and more especially if the variation is one of

increase upon what may be spoken of as the ruling lioi'se-

power), then a cut-off motion, actuated by the governor

directly, and without the intervention of the driver, becomes

an essential condition in good practice. If sadden reduc-

tions in the required power occur for only short periods,

then the governor and throttle valve are quite sufficient

from any point of view. In speaking generally on the ques-

tion of economy in coal, wliile a,s befoi'o stated, it is of

immense importance, yet a practical audience need not be

reminded that, every case must stand upon its own merits,

and due allowance must be made for many elements which

cannot just now be discussed.

In all engines there is one element which furnishes a

good index as to the mechanical design as a whole
;
this is

the speed at which the engine can run with perfect safety.

It does not follow that the economical properties of the

enti-ine would keep pace with the mechanical ones; but there
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is no question as to some points of superiority, and even

indirectly of simplicity in a high-speed engine. In the first

place, a amallor and more compact engine will do the work

afc a high speed; sticondly, it l)(M3()m(!s ])r:u!(.ical)lo to adopt a

higher grade of expansion witliont reooursc to the com-

pound principle. It will also be found that the running is

more uniform in Iiigh-speed engines than in low-speed ones.

It need not be feared that a high-speed engine will " knock

itself to pieces " with groat rapidity if well designed and

constructed. If, however, any one sets up a high-speed

engine, relying upon its smaller size for a lower cost, ho will

find himself wofully mistaken. All mach inery to be di'iven at

a high spcodmust he throughout of the most unoxcoptionablo

quality, or its utter and complete collapse is certain; but

granting this condition, its life is almost everlasting. Tlie

Allen engine of twenty years ago furnishes a case in point.

It was introduced into this country by Mr. 0. T. Porter, an

engineer of the fiirst order, who hold that no part of an

engine should wear out if properly designed ; this, though

not absolutely sustained in practice, has been go nearly ap-

proached as to raise hopes that perhaps at some time in the

future it may be realised. Two of these engines were working

for years, often up to ono hundred hours per week, and witli

comparatively little trouble, and another had the scraping

marks under the crosshead as plainly visible after ten years'

work as they were on the day they left the shop. All these

engines were working at 1,000 feet piston speed per minute,

which is about the extreme reached in locomotive practice.

Previously to the advent of the Allen engine, the usual

speed in good practice for stationary engines was about 400

feet per minute. That the Allen engine did not meet with

a much better reception than was the case, is a point for the

most sincci'e regret, not only for the sake of the engine
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itsolf and tlioso connected with it, but also in the general

interests of steam-engine practice. As it was, its influence

was not inappreciable, as speeds have been slowly but

steadily I'ising over since, and probably would not at the

present moment have been even at their present pitch but

for the Allen engine. Mr. Porter himself will, however, be

better I'cmombered in connection with, liis own govei'nor and

with Richard's indicator, rather than with the engine.

Before leaving the question of higli speed, it may be re-

marked that a thorouglily balanced condition all over is

essential to the success of such machinery. All revolving

parts must be balanced in detail ; in other words, any dis-

turbing element must be met by a compensating one, revolv-

ing in its own plane. It is not in the least degree sufficient

that a standing balance bo insured, as two wrongs cannot

malce one I'ight, and I'oally the addition of the second one

(so-called balance), aggravates rather than relieves the

trouble; this principle is of common application to all

machinery in good practice. In steam-engine work another

element is introduced, but one which usually does not receive

tlu! slightest attention; this is the ba-Ianoing, or rather the

adjustment, of tho reciprocating parts. It is commonly

assumed that all reciprocating weight is injurious in its

effect on the running of an engine, aiid that consequently, if

piston rods, pistons, connecting rods, etc., could bo made of

sufficient strength and without weight, an important gain

would be secured. This may bo true if no expansion of"

steam be allowed, but in. iiny other case is a fallacy. In an

engine working on a high or moderately high grade of ex-

pansion, and with comparatively light recipi'ocating weights,

there is a great tendency f(n- the engine to run more quickly

durino' the first part of the stroke than it does afterwards.

This is in a greater or less degree met by weighting the
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i-eciprocatiBg parts. The mathematical expression of this

principle is a very simple one ; it is not however necessary to

go into it here, but anyone interested may find it in Porter's

book on the " Richard Indicator," in linginecring, and else-

where. While on the question of engine-balancing, it may

be remarked that great advances in this respect have been

made in locomotive practice during the memory of many of

those in this room, and this success may bo instanced in dis-

proof of the principle just now referred to, viz., that all

balancing should be effected in the plane of the disturbing

element. In locomotive practice, it must however be re-

membered that the balancing is efi'ccted in the wlieels to

compensate for the cranks, big ends, etc.; when however

the combined effect of the two balances is i-egarded, it is

found to fall in the centre of the engine, and consequently

the correct principle is followed with a closer degree of

approximation than at fir.st appears. This principle of

splitting the balance into two equal and opposite pai'ts has

often been practised with good results ; one case which may

be mentioned is that of Mr. J. Bourne, who designed and

introduced a specially good and compact engine aboat 1874,

but which failed to take with owners. In this engine

another point was tried, and perhaps this might have much

to do with the failure ; it was simply the rating of the

article by the indicated horse-power, instead of the nominal.

This afforded a better comparison with other engines as to

the capacity for work, but it was open to the objection that

owing to the fact that other makers of small engines did not

follow the same custom, many corrections were necessary.

It had also a tendency to appear to the ordinary buyer oE

small engines to be a thorough imposture. It is however un-

necessary to remind the present audience that the rating

of marine engines is becoming slowly but surely to be
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given in actual or indicated horse-power, ratlier than by the

nominal, which it is to be hoped will bocomo obsolete in a

few years ; in fact, there is some probability that if the Board

of Trade or Lloyd's were to make a dead set aLjainat the

" nominal " horse-power, its days wonld bo soon numbered.

The question of horse-power reminds one that it would

be well if every engine of size were to bo thoroughly tested

as to its power, economy, and capabilities generally. And

this shonld bo done in such a manner as to distingni.sh as to

the capabilities of the boiler quite separately from the

engine, and of any feed-heater (which may bo in use)

quite separately from either. This is comparatively seldom

done, though it has been shown, over and over again, how

it may be done with advantage. To class the wliole set of

engine, boilers, etc., together, and to speak of the economy

of the whole, is much like classing together several steam

vessels or locomotives, and when any defect is suspected,

taking no stops to separate the several perfoi'mancos with a

view to localise the trouble. Several pi'ivate firms and

boiler insurance companies now make a practice of testing

under a pr'oper system, amongst the for(!most of whicli may
be mentioned Messrs. Donkin and Messrs. Simpson, of

London. Such testing, if generally adopted, would be the

moans of disposing of many pet theories as to the economics

resulting from particnlai' modes of working, whieli, thongii

perhaps usually beneficial, are yet often very much over-

rated. For instance, a simple calculation will show that

about 20 per cent, of economy is about the most which can

bo obtained without actually raising steam in a fecd-hcater,

and this can only bo secured by most scrupulous attention to

detail throughout ; it is not however uncommon to hoar of

claims ranging up to 30 per cent., or even more, on account of

some such arrangement. This often results from a stoppage
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being necessary when any great cliango is made in working

arrangements, and the opportunity is taken to give things a

most thorough ovorhanl ; the leading point in the project

then often gets the whole credit, even when (as is the case

occasionally) in itself it may be worse than valueless.

In conclusion, it may be pointed out that in the beam

engine the cylinder stands vortical, with the piston rod out

at the top; then in course of time this is displaced by tlio

horizontal form, with the piston rod out at the end ; and if

it were not dangerous to " prophesy, except you know," it

might be predicted that in the coarse of a few more years

the ruling typo for engines for rotative driving will be the

vertical inverted, with the piston rod out at the bottom.

This type presents several points of convenience. The

craidi shaft, be it over so well balanced, still requires a good

deal of steadying, and in the vortical inverted engine this

can be done with the utmost facility and security. Then

the whole of the str'ains are as a rail! vertical, and therefore

there is no excuse for elaborately divided brasses to carry

the crank shaft. The floor space is less in these engines

than in any other ; and if there is any difference between

the types in steadiness in driving, the vertical inverted

engine will not suffer in the comparison. One other point

may be suggested in connection with the engine of the

futui'o, v'vA., that the crosshead slides will bo a thing of

the past, and that a pai'allol motion will bo adopted in

its place. In the present marine engine there is a very

important first instalment towards the parallel motion,

in the form of the pr-eserit pump lovers, which would form

part of such motion with a little modification. Perhaps

after this the revolving wheel of fashion will again bring

round the beam engine and the horizontal engine to dis-

place the vertical inverted type, but at all events such is

not the opinion held by your humble servant.



NOTES ON STATIONARY ENGINES. 45

Rkplies.

Tho troubles referred to in connection with pump valves

appear to liavo been misunderstood. Tor this defect of

clearness an apology must bo entered. The occasional

noise in the absence of air was referred to, but the real

trouble i.s that with, objectionable air spaces the pumps will

not draw at all ; on long lifts and with warm water this is

an uncomfortable fact which will bring itself home. There

is not the least objection to the presence of air, but a gi'cat

one to its accumulation.
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The diagrams show that the correct balance in a com-

pounded beam engine, when the work done is equally divided

between the two cylinders, is attained by placing the high-

pressure cylinder at one-third of the distance from the

main centre to the connecting rod centre, neglecting the

weight of the beam, etc.
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The foaming referred to by Mr. Harvey gives an interest-

ing illustration of the principle of convection referred to at

the last meeting.

The perforations in the anti-priming pipe may ho in any

convenient position, perhaps rather better on tlio top ; but in

this case the pipe should be set down from the top of the

boiler a little way, to avoid grof)ving the; shell by the cur-

rents of steam, flying past.

There need bo little fear of trouble with, a parallel motion,

the total frictional resistances ai-e smaller than those apper-

taining to slides; and so far from small surfaces (per se)

giving most trouble, there is no joint in an engine which

does as much work and with so little trouble as the " little

end," to use a locomotive engineer's expression. One point in

tlie parallel motion was not referred to, this is the varying

character of the strains when a parallel motion is used for

guiding and also for working pump.

Mr. Ncwall further explained the principle laid down as

to the use of the cut-off principle. A variable cut-oft may

be in an extreme case adopted, and yet not save as much

coal as was consumed in its construction.

The instances given by Mr. Morgan where long strokes

are perfcrable, viz., to winding engines, are quite in order

and most interesting ; but tliis preference does not affect

their acknowledged disadvantages in connection with constant

and unremitting steady driving. The writer was at one
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time so far familiar with coi'tain long-stroke engines as to

be able to say at a dista.nco of a quarter of a mile whether

the correct or usual speed was being worked ; this would

obviously be impossible if high speed was adopted and

correspondingly short strokes. Tliis I'aises the question

ao'ain as to what must be considered as high speed, and it

may be remarked that a piston speed of 1,000 foot was

thought of, with sti'oke of from three feet down to eighteen

or twenty inches. One or two speakers seem to have had a

greater number of revolutions in view ; for instance, when

refei^enoe was made to the Corliss gear proving unsuitable

for such speeds, or by three cranks, whether triple or com-

l)ound.

Several single-acting engines, with three or more cylin-

ders, are in use, but two, as referred to by Dr. Ryan, would

not bo so oflicient.

The bump referred to by Mr. Spencer, at the bottom of

stroke of vertical inverted engines, will pi'()ba,bly be largely

got over by higher speed, or by three cranks, whether triple

or compound.

The wheel draught referred to by Mr. Newall is instructive,

but all the same ho will excuse the preference expressed in

the paper. Perhaps Mr. Spencer will ono day favour us

with an account of the system of boiler-sotting referred to

by Mr. Newall. The writer remembers a case many years

ao-o .showing the objectionable corrosion, which is usually

charged against them, but how far this is explained by the

old-fashioned use of common bricks and lime mortar, it is

now impossible to say.
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The locomotive coal bill includes tlie carriage and delivery

of coal, and in all good locomotive practice expansion by-

notching up is resorted to, and the high speed adopted

reduces the necessity for compounding elsewhere folt.

Several gentlemen referred to tlio largo number of subjects

covered more or less completely in the paper, and to the im-

possibility of discussing the whole ;
this being the case, it

follows of necessity that !i, hope nniy be alh)wcd that a

reference to these heads will furnish material for many

future meetings.

In conclusion, an expression of gratitude is cnJlod for on

the account of all who have entered into the discussion.

This is none the less urgent on account of the fact that

much of the criticism was in direct opposition to the state-

ments or opinions expressed in the paper, as it is to be

clearly remembered that this is the only kind of criticism

called for as a rule, except to support a point which has been

previously attacked. At the same time, it is believed that

others might have joined in with advantage, as every item

is useful in one way or another, and a,s a rule it will be

found on discussion, that in the majority of oases the differ-

ences of opinion which exist and which are appalling in their

magnitude, will be cleared away and absolutely disappear.
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By CHARLES RICHARDSON.

Bead on Tuesday, June 28th, 1887.

TUB first conception of making a Tunnel under the

Severn came into the winter's mind in 18G2 or 1863,

at the time when he was constantly engaged on the Severn,

during the erection of the Now Passage Ferry piers, which

were then being constructed for the Bristol and South Wales

Union Railway.

The idea liaving once entered his mind, he could not help

being struck with the different local facts, which all ap-

peared to have a most favourable bearing on the scheme.

The facts wore these :—At the point where ho proposed to

cross, it was manifest, in the first place, that, out of a high-

water breadth of 2^ miles, two miles of the river bottom were

dry at low water, and could bo walked over. Secondly that

the strata along these two miles of low-water rocks wci-e

horizontal and of a water-resisting character, and altogether

most favourable for tunnelling purposes. Thirdly, that the

deep channel of the Shoots had been cut through a very

hard and close rock. And, lastly, but not least in import-

ance, that the Severn waters are heavily charged with mud,

and also—as the writer had the means of positively knowing,

49 K
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and will presently show—with very large quantities of solid

matters, varying in size from a large and coarse gravel

downwards to fine gravel, sand, and mud—dne, no doubt, to

the groat rise and fall of the tides in this river, which

amount sometimes to fifty vertical feet in one tide, and to

the powerful currents thereby generated.

The portion of the river Severn near the Kow Passage

Ferry is very remarkable because of these half-tide rooks,

which end abruptly at the Ferry channel, in a lino nearly

square across the river. These rocks, called on the English

sido the " English Stones," reach all tlu; wiiy across the

river, with the exception of the Shoots channel ; and their

abrupt ending is one cause of the existence of a Ferry

channel, the other being the peculiar sot of tlio tidal cui'-

rents there. They are also the reason why all the Severn

water helow half-tide level has to pass through the Shoots

channel, which is only 400 yards wide ; for there is then no

other outlet.

All these waters rushing down this narrow channel of the

Shoots, naturally cause a very powerful current (ten knots an

hour, sometimes), which, no doubt gave this channel its name.

Again, the Shoots channel, as yon ascend the river, points

towards the Welsh shore, so that tlie in-flomng tide presses

against the Welsh shore ; while on, tlicj otliei' hand, the main

stream of the ehUng tide is flung towards the English shore

by the projecting point of St. Tecla's Chapel Eock, thus

leaving an interraediato sandbank, called the Dun Sand, in

the middle of the river, between the up and the down cur-

rents. The ebbing tide, thus thrown on to the English side,

passes over the English Stones so long as the tide is high;

but as half-tide is approached, the waters, having no longer

an outlet that way, rush along the head of the Ihiglish

Stones down to the Shoots, and thus have to cut through the

J
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great bank of sand wliicli liad been deposited there by the

flood-tide, and at that time formed part of the Dun Sand,

This is the reason why deep water is always to be found

there for tho Ferry Passage. Tliis process is repeated

during every spring-tide, as the writer liad reason to know

;

for on one occasion, in measuring and sounding across this

channel, tlio bow of the boat wa,s run aground upon the Dun
Sand : tho man at the bow jumped out and shoved tire boat

off again. In doing so, ho made two steps on the sand ; but

the third, from which he meant to spring on board again,

went into deep water, a,nd ho would have disappeared alto-

gether, had ho not held hard to the boat. It was found

that the sand was being washed away so fast that it formed

an upright face deeper than the length of an oar. This fact

was afterwards frequently observed during ebb-tide. The

Ferry channel there is wasliod to a depth of 42 feet below

the lowest water of a spring-tide.

The Dun. Sand, without doubt, joins on to tho English

Stones during the flow of the big spring-tides, and the Fori'y

cliannol is washed clear again by the English lake current

every time at lialf-ebb. This proves the enormous quantity

oisand that is moved during every one of these big -tides.

Then, as to tho quantity of gravel moved during such tides,

Ihoi'o wiis a good illustration when the foundations of the

I'ortskowet Pier were being got in. A base of brickwork,

four feet deep, had to be put in to form a footing to which

the framed wooden logs of the viaduct were to be bolted.

When the men got to tlioso near the low-water mark, it

had to be put in dui'ing tlio low water of big spring-tides,

ilnd they found much trouble in excavating a level founda-

tion for tho brickwork out of tlie very li;ird marl, by i-eason

of tlie largo quantity of very coarse gi'avel that every tide

washed into the excavation ; so that some time was always
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lost in clearing the foundations oE the gravel hoforc wotIv

could bo started again. The gravel nearly half filled the

holes every tide, and was of a size sometimes equalling that

of a man's double fist.

Now, as these holes were well above the low-water mark,

while the Shoots channel in the main current is seventy feet

lower, and as the bulk of the griivol, particularly the larger

stones forming it, must run in the deepest channels, it was

evident that very large (Quantities of heavy gravel must run

up and down these channels with every spring-tide.

It thus became clear to the writer of this paper that, sup-

jjosing only the strata were hard enough to resist the scour-

ing action of the water, any joint or fissure in the rock must

be choked with this gravel, sand, and fine mud so completely

that no Severn water could possibly get down to any work-

ings below, and that, therefore, the deep low-water channel

of the Shoots—which is, without doubt, in rock more than

sufficiently hiird for the purpose—might be tunnelled under

with perfect confidence. This has since been entirely borne

out by the facts, and there is now positively no leakage of

Severn water.

Having thus convinced himself of the perfect practica-

bility of a Tunnel under the Severn, the writer, at the time,

mentioned his idea to Mr. Leonard T3ruton, the very abl(^

secretary of the railway then being constructed. He told

him that ho thought a Tunnel might bo made under the

Severn for half a million, exclusive of the in-shoro n.p-

proaches. Mr. ISrutou's reply was—" Then, that is the

right scheme."

From that time the writer bcga,n to make further investi-

gations, by taking very numerous souTulings in tlus Shoots,

and by putting down trial borings, all of which fully con-

firmed his previous observations. He was, of course, greatly
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encouraged in this by his friend, Mr. Briiton, and by the

directors of the Bristol and South Wales Union Railway,

who all highly approved of the scheme. It was at this time

that ho made the first section across the river with the spirit

level ; but before he alludes further to this, it may be

of interest that he should describe more fully the natui'e

of tliese half-tide rocks, over whicli he had to make the

sections.

The English Stones, before alluded to, are a very remark-

able series of indurated beds of new rod sandstone, stretch-

ing across the Severn in this place at about half-tide level,

and for a distance of about two miles along tlic river. The

induration has been such as to luive caused tlio beds in this

place to withstand the wearing of the powci'ful Severn cur-

rents, and of the frequent storm waves, for all tlie time the

river has run down this course ;
while the beds of the same

new red formation, a,bovo and below, liave been worn away

far below low-water level—out of harm's way, in fact.

These hardened strata stretched originally quite across the

river from shore to shore, and have been cut througli only in

one place—namely, at tlie comparatively narrow and deep

channel of the Shoots. The explanation of these facts may

bo this :—Looking back to the origin of the luver, after the

land had been I'aised above tho sea level, the incipient

Severn waters would seek the lowest channel in their way

to tho sea, and this channel may at this place have been

on the site of the present Shoots cliannel. Now, wiierever

this deeper channel was, it must have been subject to wear

of a different kind from that applied to what are now the

English Stones, and the other collateral rocks, from the fact

til at assuming the rise and fall of the tides to be the same as

they are now, the strong currents of the spring-tides would

then, as now, roll up and down immense quantities of coarse
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gravel at every tide. This heavy gravel would naturally

seek the deepest channel in its course, and there saw a

gradually deepening channel, which would thus occupy the

site of the original course of the stream, and which now
forms the channel of the Shoots. The formation of this

deep channel of the Shoots, the writer, therefore, imagines

to bo duo to the constantly repeated sawing action of the

gravel, while the collateral rocks wore subject to the action

of the water alone. It thus happens that at low water the

roclcs may be walked over from either side up to the Shoots

a mile and a half on the English side, and half a mile on the

Welsh side. It is remarkable, however, that the Slioots

channel, as is now known, has been cut through the hardest

part of these hardened strata.

Over the English Stones the walking is very bad, for the

surface of the rock ia extremely I'ough and fall of water
holes : it is, besides, eutiroly covered with slippery sea-weed.

No speed can bo made over them. The walking upon them
is also attended with great danger if it should happen to bo

a little late upon the tide, which rises over them with great

rapidity. Two of the writer's assistants and their staff-

holder had a very narrow escape from being drowned upon
them about this time.

The only safe way of doing any work on these stones is to

have a boat waiting at hand by which to get off before the

tide is too high.

On the occasion referred to, tlie tlirco had landed on the;

stones on the margin of the Slioots during low water of a

good' spring-tide, with their spirit level, etc., in order to

start upon a section over the stones. The two men who
took them there in the boat had orders to be there at the

proper time to take them off again. Instead of waiting

^'here, however, as they ought to have done, the boatmen
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pulled out into tlio stream, with tlio intention of rowing

back again at the proper time; but the stream was too

strong for them, and carried them down the river to Avon-

mouth, so that thej could not get back in time ; and when

the levellers arrived at the assigned spot, there was no boat

there, nor was there one in sight. They knew it was im-

possible for them, at that state of tide, to reach the shore
;

so, after waiting some time, and no boat making its appear-

ance, they began to get seriously alarmed. They got on to

the highest pai't of tlio stones, and bogiin to shout for a boat

to the people on shore. After some indiscriminate shouting,

one of the engineers proposed that they should husband their

voices, and then shout altogether, with a one, two, three.

The two did so ; but Dan, the stafE-holder, was so overcome

with panic that he kept on shouting as fast as he could take

his breath, till he shouted himself quite hoarse. They were

not lieai'd on shore, for the noise made by the inrushing

waters drowned their voices ; but it fortunately happened

that their departure in the morning had been observed, and

the people on shore, seeing that there was jio boat bi'inging

them back at the proper time, got out another boat, which

put off and brought them back, very late on the tide.

The situation was a very trying one to the young fellows.

The engineers were no worse for it; but Dan, who was an

apparently powerful young man, died from aneurism of the

aorta about three years afterwards.

There is a local tradition at this passage that a corps of

Cromwell's soldiers were lost hero during the time of the

Parliamentary wars. The men, with their officer, came to

the Black Rock, on their way to Bristol, and demanded that

they should be ferried across the river.

These men know nothing about the peculiar features of

this part of the river, or the nature of the ferry ; and the
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ferrymen, who were Eojcalists to a man, landed them on the

English Stones, assuring them that they could now lonlJc

the remaining distance over the rocks, which join the

English shore, as they could see for themselves from the

place on which they then stood.

There they accordingly left them, and took their boat

back to the Black Rock, well knowing at the same time

that it was too late on the tide for the soldiers to reach the

shore. The Roundheads were consequently caught by the

tide before they could get ashore, and every man of them
drowned.

To proceed now with his narrative. After the writer

had made the necessary levels, soundings, and surveys, he

made the original plans of the Severn Tunnel Railway, which

arc, with trifling alterations to be explained further on, those

on which the work has been carried out.

These plans were first deposited in Parliament in the yeai'

1863, in opposition to Mr. Fowler's " Great "Western and

South Wales Direct " scheinc, but fell through for lack of

pecuniary support. Mr. Fowler, however, got his Bill ; but

the woi'k was never cairied out. The Severn Tunnel plans

were again deposited a year or two later, but failed from

the same cause. The writer had in the meantime, however,

written full arul careful reports of his Tunnel scheme, giving

in detail all his reasons for knowing that it was quite

practicable : ho had also shown and explained his plans to

Mr. George Wythes, the great contractor, who confirmed

Ilia opinion. Mr. Brassey, also, to whom Mr. Wythes had

shown and explained the plans, tohl the G.W.R. directors

that he considered it a great work, and that he should like

to do it, but that lie slionhl wiint half a million more for

contingfmcies in passing under the Severn.

Though the writer was unable to persuade -local people
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to back np the scheme with tlieir money, he had rcisoii

to kiaow that he had convinced the G.W.R. authorities that

it was practicable, and the best for their purposes. Accord-

ingly, in 1872 lie a.gain deposited the Severn Tunnel plan.s,

under iheir authority.

The Tunnel sclieme, however, was opposed by a bridge

scheme of Mr. Fowler's at the same place. This proposed

to cross the half-tide rocks by spans' of 100 feet, and the

navigable channel of the Shoots by an opening of 700 feet,

for the support of which two piers were to have been

erected in the deep water of the Shoots: but the directors

preferred the Tunnel ; so that was the scheme adopted.

In going to Parliament witli such a novel undertaking,

the directors wished to have the suppoi't of an engineer

of the highest standing. The writer, therefore, asked Mr.

Thomas Harrison to give evidence in favour of the scheme
;

but, after talking it over, he could not convince him that

there migld not bo somewhere in the rook forming the

bottom of the Shoots such an open fissure as would make

the Tunnel impracticable ; he, therefore, declined to give

evidence in its favonr. The writer then applied to Sir

John Hawkshaw, wlio considered the scheme feasible, and

accepted the position.

After the Act had been obtained, Sir John Hawkshaw

was appointed Consulting Engineer. The first object then

was to ascertain by the most accurate soundings the exact

form of the rock at the bottom of the Shoots for the whole

distance within the limits of deviation, which had tliero

been made 300 yards in width, in order to give the oppor-

tunity of deciding uj)on the best place under which to carry

the Tunnel.

The taking of those soundings was a matter of some

difficulty ; for, in order that they should be of any real
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value, it was imperative that the exact position of each

sounding should be positively fixed, and that the true levels

of the bottom should at the same time be determined. As

the soundings had i;o bo taken off a boat which was floating

on water having an over-varying level, the securing of these

results required some contrivance and a good deal of care

in carrying thein out. Thoy also took much, time, because

they could only bo taken at the turn of the tide, when the

water was comparatively quiet. During this time the

sounding went on rapidly for about twenty minutes; but,

after that, the lead was carried away by the force of the

current, and no bottom was felt. "No bottom" was then

called, and the work ceased for tlie day. Thus twenty

minutes only was a day's work.

The mode of operation was as follows : First, a base line

had been carefnlly pegged out, with numbered iron bars

drilled into the rock at every thirty foot along a lino, square

to the line of Railway, on the rocks forming the edge oE

the Shoots. A lino of soundings was taken across the

Shoots at every iron bar—that is, at every ton yards.

When, therefore, a particular lino of soundings had to

be taken, a pole was fixed at the proper iron bar, and a,

second, carrying a cross-bar near the top, at some distance

behind, in a line parallel to the line of liiiilway. Those two

poles gave the exact line for the soundings. Then a third

pole, carrying a largo globe on top, was fixed in the hase lino,

but eighty yards to the right of the first pole. All was then

ready for the boat,.

The sounding boat, which carried four oarsmen amid-

ships, with two engineers at the bow and two astern,

carried also a sounding machine fastened to the bow of the

boat. This machine was made for the purpose
;

it had a

reel, on which was evenly coiled a fine sounding wire,
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liaving a heavy leaden weight at the bottom end. This

reel was controlled by a light hand-brake, by which the

wire was kept siiffioieiitly taut as tho lead went down, and

by which the reel was stopped the instant it struck the

bottom. Tho reel also worked an index round a dial plate,

which was divided into feet and tenths ; so that the depth

could be read off in a moment with precision. At the end

of tho reel there was a handle, by which tho wire could bo

reeled up again rapidly for another sounding.

Tho lirst engineer at the bow stood over tho sounding

machine with a sextant in his hand, got the boat into lino

with tho two poles, and called oat "Now!" taking at the

same time the angle to the lateral pole. The second ongi-

iioer, with the sounding machine, immediately let down the

2)lamniet. The third engineer, with the tiller in one hand

and his watch in the other, called the exact time ; and the

fourth noted tlie figures in a book ruled for tho purpose—

tlie angle first, the time second, and the depth third—as

they were called out.

At tlie same time a man on sliore was noting tho heights

of the water at every minute from a gauge that had been

fixed there for the purpose. The soundings were afterwards

reduced to the correct water levels, and the height of each

sounding above Severn Tunnel datum entoi'od in its proper

column.

By these moans really correct sections of the Shoots'

bottom were obtained. Tho soundings wore ta,ken as close

together as possible ; and when two soundings happened to

be taken on the same spot, they always tallied.

Wlicn all tho linos of soundings had been taken, and tho

results plotted, they were found to differ so little either

in the form of the bottom or in the depth of the water, that

one point of crossing was practically as good as another.
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When the centre line had been decided upon, vei-y nu-

merous additional soundings were made upon that line, so

that ultimately they -vrere hardly two feet apart all the

way across
;
yet in no place was any fissure fouiHl : l)ul; the

bottom was ridged, something like the ridge and furrow

of a ploughed field, as might have been expected from tlie

nature of the wtiaring away, by gravel running longitudi-

nally up and down.

The permanent centre lino of the Tunnel was now fixed

and set out, and the surveys made on both sides of the

river.

Wliere the Tunnel emerged inshore, deep and extensive

cuttings had, of course, to bo made on both sides of the

river. These cuttings, at tlic gi'adient of 1 in 100, ran for

a long distance before they got above high-water level^that

on the English side, being sixty feet below the Severn

alluvinm, had to bo carried 6,000 feet through the Severn

Marsh before it got out of cutting, and involved heavy

bridges and other works to carry the roads and streams

across it. But it also involved another important work, as

may now bo explained.

From some facts he had before observed, it became plain

to the writer of this paper that it would be absolutely neces-

sary to make high, sea-banks round the tunnol-mouth

cuttings on both sides of the river, because the present sea-

banks by the river side are not high enough to keep out

very high, and exceptional floods, which must occur when

great storms tiike place upon very big spring-tides. His

attention was first called to this subject in a striking manner

soon after the opening of the Ferry llailway in 18G3.

On the occasion aJlnded to, there was a great gale of

wind from the South-West, accompanied by a low barometer.

It occurred on a spring-tide, though not a very big one, and



THE SEVERN TUNNEL. 61

the tide was blown up to a height of eight inches above the

hio-hest tide he had recorded at the Pier, to whicli the waves

also did considerable damage. This tide was blown up to

a hei"-ht of within eight or ten inches of the top of the

marginal sea-banks of the Severn, as measured in a quiet

place in Chessel Pill, where there were no waves.

Now, on referring to the tide-table, the writer observed

that the tide of this day, though the biggest in that set,

was still /oMr /eeflower than the hig springs just fourteen

days socnior or later. The (|iicstion then naturally occurred

to him, " What would have been the result had this same

gale occurred just fourteen days sooner or later ? " It

would undoubtedly have risen above the marginal sea-

banks, and have flooded the whole of the Severn marsh

lands to a depth of seven or eight feet ; and if the Severn

Tunnel cuttings arc never to bo flooded, it will bo neces-

sary that thoy should have sea-banhs around them of much

greater heiglit than the niai'giual sea-banks of the Severn.

It then became necessary to decide what this height ought

to bo.

The writer first tried to find out the greatest height to

which any tides, whether spring or neap, had ever been

known to have been blown up. After full inquiry, he came

to the conclusion that eight feet might be taken as the

extreme limit. Then, taking 3 feet 6 inches above the

alluvial level as the heiglit to which the biggest spring

tide would ever rise if it came in quietly in calm weather,

he obtained 11| feet above the alluvial lands at the New
Passage as the greatest possible height of the storm floods.

To this he added four feet more as a margin of safety

against the possible wash of the waves in such floods, and

made his sea-banks round the cuttings in these meadows

sixteen feet high.
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Tn confirmation of these views, ho afterwards tried to

find some record of these groat floods, which ho was confi-

dent must have occurred in former times, though at rare

intervals. Tiio first notieo of siicli a flood that camo to

him was from an old antiquarian friend—a Monmouthshire

mn,n—who had found an old book in the British Museum,

called God's Voice in Monmouthshire, which contained an

account of such a flood in the 17th century. It gave plates

of the flood, showing all manner of cattle swimming in the

water amongst the hedge-row trees ; haystacks being floated

away, and such sensational incidents; but tio figni'os from,

which to learn the actual height of the flood. Thinking,

then, that the churches in tlio low levels, of which there

are many, ought to bear some record of such destructive

floods, he made many inquiries, and eventually heard of two.

The first of these was Poterstone, on the Welsh side, where a

leaden plug had been let into the wall to mark the height

to which the water rose. Peterstono was at that time a

small port, with more shipping, it is said, than its neighbour

Newport ; but this great storm, with its great rise of tide

and heavy sea, destroyed everything except the fine old

church tower and one strong gable end of a warehouse,

which remain to this day. The second was Kingston Sey-

mour Church, on the English side, from a board in which

has been obtained the following description of two floods :

On a black board, and printed in gold letters, in tlio vestry

of Kingston Seymour Church:—
" January 20th, IfiOO, and 4th year of James I.

" An inundation of sea water, by overtlowing and breaking down the

3ea-ba,nks, happened in this parish of Kingstone Seamore, and many

others adjoining, by reason whereof many persons were drowned, and

much cattle and goods were lost. The water in the church was five feet

high, and the greatest part lay on the ground about ten days.

(Si(jned) "William Bowee."
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On another black board, in tlio porcli of tlie same cliurch,

is written :—

-

• " On November 27t;h, 1702, a flood occurred, destroying the sea-bank,

drowning mucli cattle, and destroying hayricks, etc."

It is observable! lioi'O tliat tlio biggest tides never ooour

either in January or in IToveraber.

These great storms on a very big spring-tide are so rare

that they hardly occur perhaps once in a century, and people

generally do not believe in a thing that has not happened in

their lifetime, or in that of their fathers ; hence the notion

of these great sea-banks to keep out Severn floods has been

somewhat ridiculed. The writer may mention here a singular

case which occurred later on. In 1883, on the occasion of a

visit of some of the directors to the Severn Tunnel works in

the middle of Septomboi', the chairman laughingly I'emarked

that he thought those high banks could hardly be necessary,

for the South Wales line had now been opened thirty-five

years and the rails had never yet been flooded, the sea-bank

there being nine or ten feet above the rails. The wi'itei''s

reply was tliat he was cj^uito confident tlioy would bo wanted,

and that, at any rate, they cost notliing, foi' tliey were made

by barrow woi'k, and the saving in the cost of the earthwork

more than paid for the additional land. And tlioro the

matter dropped; but on the 18th October following a heavy

S.S.W. gale occurred upon a big spring-tide, and blow the

water to such a height that it flowed over tho commissioners'

sea-bank and flooded tho marsh lands to such a depth as to

run over the South Wales line of rails eighteen inches deep,

and at tho same time to flood the Marsh shaft, and pour

down it in a great cascade. There were fifty men below at

work ; they all ran to the cage to be hoisted up, but the

water had put ont all the engine fires. Thi'ee or four of
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them tlion went to an upright ladder against the shaft wall

and all but one succeeded in getting up, in spite of the water

falling upon them : but the other fell off and was killed.

The rest of the men below wont back to the higher workings,

and climbed up on the centering. The water poured in

until it had risen to within three feet of the crown of the

arch. This occurred at eight o'clock at night. The con-

tractor's engineers above were trying to devise some means

of getting the men out, but could do nothing to rescue them,

until early the next morning, when they got a boat from the

pier. This they let down the shaft end on—for the shaft

was not wide enough to take it when level—and then they

had much trouble to float it on the water. They had to

make it dive first, and afterwards to biilo it out. Tlierc was

just room to paddle it under the crown of the arch, and in

this way they got to the men about noon, after they had

been there about sixteen hours in the dark. This was n,

'narrow escape, for a very little more Severn water would

have quite filled up the length of tunnel then completed.

These sea-banks round the tunnel moutli cutting are

therefore clearly uccessaiy in ordei' to pT'event the tunnel

from being flooded at some futui'e day—a di'eadful cata-

strophe if it ever did occur; and they were provided for in

the original setting out of the lino upon tin; gi-oimd.

After the soundings had been completed, and the centre

lino and works set out, the time had come to start upon the

actual work.

The directors had wisely decided that the first work under-

taken should bo the heading under the Shoots. In this way
the natare of the ground and the full practicability of the

whole scheme could be actually proved before the great

outlay upon the remaining works was incurred.

The intention at that time was to sink a shaft upon the
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low-water rocks, close to tlie cdgo of the Shoots, and from
thence to drive the heading.

For this purpose, a strong tower would have liad first to

be built upon those rooks to a height well ahove tlio highest
tides

;
and then, wor'king in that, the shaft could have been

sunk. But there wa,s so strong an opposition to the building
of this tower at tliat place on the part of the navigation,
that the idea was at length abandoned, and the shaft was
placed on shore at Sudbrook. The two other shafts, which
were to have been placed on the English Stones, were also

given up. This opposition soomod somewhat captions on the

part of the navigation authorities, who might have had to

put up with the piers of a bridge all across the river, and
who had already been beaten in their opposition to the bridge

scheme of Mr. Fowler, a few miles higher up. The objections

of tlio pilots were something fanciful, as may be imagined
from their objection to the building of the beacon on the

Charstono Rock, by the South Wak)S Union Co., some years

before, for the, safety of their ferry passage, which beacon
bas now become the most important latidmnrk for their

navigation of the Slioots channel, and concerning which, if

it were now removed, there would no doubt be the most
dreadful outcry. One must suppose that they object to any-
thing now, whether good or bad.

The Sudbrook Shaft was started on shore in March, 1873.
It began in new rod rock and marl, in which a good deal of

water was found, and then passed through a 4-feet bed of

magnesian conglomerate. Down to this, 91 foot fi-om the
surface, the strata were horizontal. The shaft then went
through Pennant sandstone, 19 feet ; clay shale, 24 feet

;

«oal shah), 10 feet; millstone grit, 11 feet; fireclay, 9 feet;

mountain limestone lumps in fireclay, 15 feet ; and firestone,
'^o feet

; all these dipped towards the river 1 in 7.

s
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Tho river heading was begun in December, 1874, and

passed again tiirongh the dipping beds into the Pennant.

The bed of coal shale was very heavy ground, wliich had to

bo double timbered and floored, which made the heading

small and low at that point. The Pennant was at first of a

red colour, and fnll of baohs, or open joints, from which

flowed a good deal of water. This water at first was of the

colour of weak porter, and had a very salt and bitter taste ;

but after a few days it ran clear. What was tapped first

had no doubt been lying there for ages undisturbed, the

colour showing probably the presence of iron. Some

copious springs were afterwards found in the Peimant
;
so a

flood door was built in the Pennant, 340 yards from tho

shafii, to prevent the flooding of tho pumps in the event of a

breakdown, which it did on two or three occasions. This

door was very strong, and largo enough to let the trolleys

pass through ; it also had a 1'2-inch sluice valve.

And now, seeing that this heading would have to be driven

two miles under the river from this one sliaft, it became of

great importance to adopt the most correct means possible

of getting the linos of tho Tunnel down the shaft and along

the heading. The usual way has been, to drop a plumbob

down each side of tho shaft ; but this was found to be not

nearly accurate enough for the purpose.

The plumb lines could only bo got thirteen feet apart

;

and though tho bobs were large, and dropped into buckets of

water to steady them, they could not be made really steady,

for a pendulum two hundred feet long vibi-atcs slowly. It

has a beat of nearly eight seconds each way ;
and wlien the

extent of the vibration is less than an eighth of sm inch, it

appears to the eye to bo steady; but when the cross hairs of

a transit below are fixed on the wires, first one and then tho

other apnears to leave the lino, and you may, as tlio writer
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did, spend an hour in tlie vain ondeavour to fix tliom, until

your handkerchief is wet through with mopping up your
tears, but you are never sure of accuracy. In addition to

this, thcA-o was a considerable jar in the bottom at every

stroke of the big pump, which shook the wires and kept

them in a nearly constant tremor. So tliis plan was aban-

doned and a now one adopted. A good ti-ansit instrument

was obtained for the purpose from Messrs. Trougliton &
Simms, with a four-inch hole in the bottom plate, through

which the telescope could be pointed vertically downwards,

and a largo block of stone was built solidly into the shaft

wall on top to carry the transit; the heavy end of the stone

was built into the wall, but a lighter end projected two feet

into the shaft. On this lighter end the ceuti'e lino of the

tunnel had been marked, and an eight-inch peep hole cut

through it. This formed the apparatus for the shaft top.

For the bottom a pianoforte wire, about two hundred and
fifty feet long, was ])rocnrod, and a couple of tine-threaded

screws, made each about six inches long, and mounted on a

bed plate which could bo firmly screwed down to a beam of

timber. Then a beam was strongly fixed across the back of

the shaft bottom furthest from tlie heading, which was then

only being driven towards the river, and another beam
across the heading within a foot or two of the full length of

the wire; the adjusting screws were fixed upon those beams
m their proper places, for the position of the centre-line was
known very nearly at the sliaft bottom, and pretty nearly at

the two hundred and fifty feet along the heading, which was
then perhaps two hundred yards in. The wire was then
carefully uncoiled off its reel, so as to leave no kinks, and
each end was passed simply over the thread of the screw at

<'ach end with a 28 lb: weight suspended from it. This
kept the wire clear of the heading floor all along. The
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screws were well oiled ; tliey worked by a simple liand-wlieol

at one end. All was now ready below. The now transit

was fixed over the hole in the top stono, and adjusted in true

poHition and level. It was then turned upon a flagstafi: on

the other side of the Severn and clamped there, being now

in the true centre lino of the tunnel.

Wlien this had all been accurately done, the telescope was

pointed down the shaft, where the screw and the wire pass-

ing over it could be plainly seen. A few turns of the screw

brought the wire into exact position. This being fixed, the

telescope was then directed to the farthest point of the wire

that could be seen before it entered the heading, and that

point was thcin brought into true line by means of the screw

in the heading two hundred and fifty feet away. This, of

course, took a little more time, because it had to bo done by

signalling.

This having been accomplislied, the readings wore a second

time observed, to make sure there was no error of observa-

tion. Electric lamps had to be used below in order to get

a distinct view of the wire, and then the cross-liaii's of

the transit could be made to bisect the wire witli great

accuracy.

The wire now ga,vo two hundred and (ifty feet of base line

very correctly sot out. The engineer below, with a smaller

transit, then fixed his instrument in the line, and about ton

yards further in than the end of the wire, and adjusted it

until he could exactly cut the wire correctly at both its ends ;

he was then in a position to fix correct ma-i'ks in, the rooC-

trees all along the heading so far as ho could see.

These lines were checked throughout by the same process

several times afterwards ; and wlion tiio Jusadirig became

very long, the large transit was taken below to continue the

lines more correctly under the Severn. After they had been
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rim tliroiigli a first time and the points marked, tlio tele-

scope was turned over in its Y's, and the whole line sot out

a second time to see if there was any instrumental error. It

was then found that there was a slight instrumental error,

for the two lines gradually diverged' in a very flat curve, and

wore nearly two feet apart at the end of a mile—tlie true

centre line was consequently just half-way between the two,

and thus the permanent centres were fixed.

The heading was then carried forward under the Shoots,

where the Pennant was of a grey colour, and so hard and

close that no joints were visible, until the Shoots had been

passed. The heading then began to I'ise again, according to

the gradient, and after a time emerged from the top of the

Pennant into the upper coal shales, where it passed through

two beds of coal, ten and twelve inches thick, until it came

to a vertical fault, 2,180 yai'ds from the shaft, where it

suddenly entered the new red sandstone. This rock was

verj hard to drill (machine drills were used, driven by com-

pressed air), n,nd when blasted, the dynamite only blew out

a round hole ; but blew the sandstone into powder. This

powder was of a singular nature : after it had been filled into

the iron trolleys, in passing along the heading it got shaken

down so tightly that all the water was driven to the sur-

face, and tlie sandy mateiial below was wedged in so fast

that when the trolley was run to the tip it would not come

out, but carried the trolley with it, rolling over and over

down to the bottom, where it was found tight in the trolley

still ; so that the men had afterwards to set the trolley up

on ond, find get the stufl^ out with a pickaxe. The writer

never met with any material like this before, except in

" Kellaways Sand," in Wiltshire. If you there dug a hole

in the ground, the stuff that came out would not fill the hole

again. A man of his there had to fix a big gate-post, and
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after tho post was in he had not .sinff enough to fill the hole

again, bat had to Eotch another barrow-frill; the stnlf after-

wards set almost like moi-tar.

After the heading had passed thi-oiigh fifty yards of this

material, it came into an open vertical joint, two feet wide,

which was fall of water under pressure. When the first

drill that went into it was witlidrawn, the water spurted out

with such for(;o as to knock down tlie ganger flat upon his

back, as he was standing about four or five yards from tlie

face, looking on. The men said it flow fifty yards along the

heading before t struck the ground, and caused gi-eat [ilarni

amongst them at tho time ; but the pumps took it all, and

in a day or two tho quantity of water had dwindled down

to a moderate sized spring. This wide fissure is traceable

on tho English Stones overhead, but it is quite filled iqi

there.

After the heading had bo(;ii <lriven under tho whole breadth

of tho Shoots, and liiid thus demonstrated the extremely

sound character of the rocks there, the other shafts were

sunk, and headings were started in the line of the Tunnel

from all of them. A heading was at the same time begun

landwards from, the Sndbi'ook Shaft; and it was in this

heading, when it had attained a length of 354 yards from

the shaft, that the big spring was first tapped, and flooded

the works on tho Kith October, 1879. The heading under

the river had then reached a length of 3,370 yards, or nearly

two miles from Sudbrook Shaft, and was within 138 yards

of joining the heading from the other side.

It niiiy bo mentioned lusre tliiit when tho headings met

some two ye.ars or so afterwards, the Engineor-in-cliargo

reported them as meeting "dead true both in lines and

levels."

After the works had been flooded, the directors made Sir
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John Havvkshiiw the Engineer-in-chief, and lot tlie com-

pletion of the whole work to Mr. Thomas Walker, the very

able and energetic contractor, who has since completed the

undertaJsing.

At the tirao, and in order to master the big spring, new

shafts were sunk on both sides of the spring—two at Sud-

brook, and two about half a mile further in-shore. In these

powei-fiil pumps wci'O fixed, and when tlicy vvoi'o got to work,

the head of water was gradually lowered until it was only

about forty foot deep at the bottom of the shaft. In addition

to the water from the big spring, it was known that a largo

quantity came from the river heading and through the flood

door that has been mentioned. In order to get rid of this

for the moment, it was of much importance to shut this

door, if possible. The conti'actor thcrofoi'c engaged a noted

diver to make the attempt. His name is Lambert, a fair-

hairod man of few words, but of great courage. Lambert

made a very plucky attempt to got to tlio door in his oi'dinary

diving dress : but his air pipe floated so hard against the

rough roof of the heading that ho could not drag it along

quite far enough to get to the door. He therefore was com-

polled to turn back when witliin. seventy yards of the door:

and it was in retracing his stops that he had dreadful trouble

to get his air pipe back again, and through the narrow,

close-timbered pai-t through the coal sluilo ; for it cnrle<l

up in kinks and coils about the beams and timbers of the

heading. Everything had to be done by himself in entire

solitude, and by groping about in perfect darkness; ho had

to find and gather up, and to carry forward these numerous

folds of his air pipe, some of which were constantly slipping

from his grasp ; and all the while he knew that his life de-

pended on his management of this pipe. It was astonishing

tliat his courage could have sustained him through such a
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trial ; for the writer's belief is that if ever his heart had

failed him, he would not have come out alive.

He was di-eadfully disappointed at his failure ; but the

conti-actor, having heard of the now apparatus for diving

without air pipes, which Fleuss, its inventor, was exhibiting

daily at the London Aquarium, invited him to come down

with his patent apparatus and close the door.

Fleuss accordingly came there, and went down, with Lam-

bert, to the mouth of the heading ; but when he had groped

about and found the sort of place he was expected to go

into for nearly a quarter of a mile, his licari failed him, and

he came up again. Ho said he would not undertake to go

and close the door for ten thousand pounds. Lambert then

asked him to lend Jam the dress, and he would go ; but thi.s

Meuss refused to do.

When, however, the contractor pointed out to him that

he was standing in his own light, for if Lambert accomplished

the job by the help of his paterd', dross it would bo the best

advertisement possible for him, Fleuss did consent; so the

next day Lambert put on the dress, and closed the door after

one failure, which was caused by the mask he had to wear

pinching his nose so tightly that it brought on a terrible

headache, which made him turn back to have it altered. In

this apparatus the breath has to bo taken in through the

nose and breathed out tlirough the mouth, therefoi-o the nose

has to fit very tightly to the nose pii)o ; and as Lambert's

nose was very broad, while Fleuss' was thin, the nose pipe

pinched him dreadfully, and he had to get it altered.

The water was all out, and the work started again by the

end of the year 1881, after having been flooded fourteen

months.

Sir John Hawkshaw had, in tlie meantime, recommended

that the level of the rails should bo dejjresscd fifteen feet
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under the Shoots and along the English section of the Tunnel,

where the original gradient of 1 in 100 should be maintained,

but that on the Welsh side it should bo made 1 in 90. The

directors consented to this, and. an Act was obtained accord-

ingly.

After having got out the water, tlie contrac^tor pushed on

the works with great energy. Amongst other works, lie

had to di'ive a now heading from Sudbrook Shaft towards

the big spring at the 15-feet lowei' level. While driving this,

and when still ninety yards from the old spot, the big spring

broke in again in d(nil)lod (inantity, and in such foi'ce that

the miners and their half-loaded ti'olley wei'c all washed out

into the shaft together. A door had been built there, but

no one could get near it, for the water poured out at the

rate of 27,000 gallons a minute. Large pumping power was

available at that time ; so the head of water was gradually

lowered until the heading was bared, and tho water from

the spring ran down it nearly breast deep.

Three of the most powerful of the miners then tried to

shut the door by creeping up against tlie side of the heading,

tlie two hinder men shoving the leader up against tho

current. He got up to the door-frame ; but the moment he

put out his arm to grasp the door, the three of them were

whirled round and washed out into the shaft.

Lambert was again brouglit thei-e. Tho head of water

was allowed to rise in the shaft until it had sufficiently sub-

dued the flow of water to allow him to go up against the

cniTcnt ajid chise tlic door. He said that when tho door

slammed the concussion was tci'rific, and made liim see all

the stars of heaven inside his helmet.

The contractor had also some other ti'oublesomo woi-ks to

d(i. The new dra,inage culvert from the pumping shafts to

tlie Shoots, at tlie ir)-feet lower level, was very troublesome
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as well as tlio lowering of all tlio sliafta and pumps ;
but tlio

worst job bo bad to do was in making the Tunnel on tlie

landward side of tbe big spring. Tbe conglomerate bed,

which constantly varied in thickness from four feet at Sud-

brook shaft to 'ifi feet at 5 miles 4, sliaft, wiis encountered

along half a mile of Tunnel from the big spring westwards.

It was very full of water, and very hard to excavate. In

some places the water poured in in such quantiliicis tbat it

was almost impossible to keep any lights burning, shade

them how you would. The execution of this part was very

costly. It -was by far the wettest part of the Tunnel, and

proved eventually to be that in which tbe water pressure did

the most damage to the brickwork, as described presently.

The brickwork of the Tunnel throughout its whole length

has been built in the form shown in. the drawing. The fonn

is a very good one, approaching as nearly as circumstance

would admit to a cylindrical shape. The greater part

put in through very hard, rocky strata, and common bricks

only were used in its construction.

Where the invert rests upon a rock bottom, the small

piece of level footing below the side walls should be omitted.

Also, if common bricks iilone are used, there is a w(!ak, point

in the three-cornered springing block, between the invert

and the bottom of the side walls, where the brickwork has

to sustain the greatest pressure of all, for a good part of it

can only be fdied up with broken bricks and spawls ;
and as

a good brindlo brick will bear at least twice the crushing

weight of the best cement, this three-cornered piece is

necessarily weak. The proper remedy for this is to have

some special bricks made to suit the angle. One form of

special brick alone is necessary, by the use of which, to-

gether with common bricks, as shown on the drawing, this

three-corncT'cd piece, which is really the spiinging of both

is

was

J
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<;hc aide walls and tlio invert, may bo Luilt as strongly as

any part of tho work.

And now as to the effect of wator-prcssuro

—

The river Severn is natnrally the lowest drainage level of

the district. In any works going below that level, the water

met with must cither bo pumped out or forcibly kept out

under pressure.

In a land tunnel the water runs out of itself at one end or

the other, and is of no further trouble after the work has

been completed, the brickwork has only to support the

weight of tho ground overhead ; but in the Severn Tunnel

he water-pressure is the main consideration.

In discussing this question, it may be as well first to say

a word as to Land Tunnels.

If the Tunnel should bo in rock or self-supporting strata,

no lining is needed for the actual support of the ground

;

but it has been found better to put in a thin lining of brick-

work in railway tunnels even in this case, for in blasting the

rock, some pieces are so far loosened that though they do

not come away at once, they do fall subsequently at an un-

certain date after the tunnel has been opened for traiiio, and

thus become a siuirtto of groat danger to tho trains. No

invert is needed in this case, and sometimes no side walls
;

but in regard to side walls, tho cost of dressing tho rock

on tho sides, and of forming a good springing for tlie arch,

make tho saving so small that it is usually better to build

side walls as well as an arch.

In soft or yielding ground an invert is also wanted with

heavier arch a;nd side Avails ; but it is a fact well known to

practical engineers that tlio greatest weight on the brick-

work is always met with in shallow tunnels; that is, when

tliey are only sixty foot or so below tho surface ; the ground

then breaks up to the top, and the whole superincumbent
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load comca upon tlio arch. But in (loop tunnels, the ground

does not break up very far above the arch, and therefore it

mainly supports itself.

The chief precaution to bo adopted in order to insure

permanent stability in a tunnel arch and side walls is to

have the space at the hack, between the excavated ground

and the brickwork, quite built up with bricks and mortar.

There must always be a space loft over the arch where the

timbers are withdrawn, even if the ground has been got out

with the greatest truth; but, in addition to this, miners

have usually a tendency to take out too much ground at the

haunches of an arch, for some hidden reason which. ii.ppca,rs

to be common to mining judgment, and if this space is not

completely filled up, the effect can readily be imagined. An

arch, it must be remembered, is a Jialanced structure and of

great strength when properly loaded ;
but in the case now

supposed, it will be found that as the ground by-and-by

naturidly comes down heavily where it is l(«ist supported

—

that is, over the crown of the arch—if the space above the

haunches has not been (jnito filled up, the crown of the arch

sinks under the load and the haunches rise until they do get

a bearing against the ground above, and the arch is badly

crippled, more especially if the brickwork has been built in

rings, for the inner rings then gape at the crown, and some

of the bricks often fall out. When land tunnels fail, it is

almost always be(!a,uso this bat^k filling has been neglected;

and this can ordy be seen to during the progress of the work,

and not afterwards.

In the Severn Tunnel, on the other hajid, the cliief load

on the brickwork is from the water pressure, which differs

entirely from the land pressure, as described above ;
in that

the pressure is from all directions, and precisely according

to the head of water at each point. Referring again to the
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sketch of this Tunnel, the water pressures on the Tarious

parts of the work .are figured in lbs. on the square inch at

evoiy two foot in height. It will bo observed that while the

pressure on the crown of the arch is 52 lbs. on the square

inch, that under the invert is 64| lbs.

These are the direct water pressures which have to bo

carried liy tho brickwork acting as an arch, whicli lias to

bear this converging pressure all round, and to convert the

vertical load into a thrust or hed-jprossure on the brickwork

a,ll tlio way round tlio Tunnel.

Now these bed-pressures are many times greater than the

water pressures outside, so they are figured in cwts. per

square inch, and they vary directly in proportion to the

radius of curvature of tho ai'cli. The result, therefore, is

that while the water pressure on the crown of the arch is

52 lbs., the bed pressure on the arch is 3'15 cwts. on the

s(]uai'o inch ; but the invei't, being of a flatter radius, while

the water pressure was 64| lbs., the bed pressure is G'09

cwts., or just about double what it was on the arch. So, to

make them of e(]ual sti'ength against water pressure, the

invert should be twice as thick as the arcli.

In fact, however, the 27 inch invert would have been quite

strong enough to have borne the thrust if the load had been

fairly distributed thi'ough the thickness of tlie work
; but as

it was, it did give way in some places in the wet part of the

Tunnel l)eforo alluded to.

The cause of the failure of tho work to boar the great

watoi' pressure may probably be explained in this way

:

In putting in the invert on a rocky bottom full of water

springs, after the rock has been got out, the bottom is of

course I'ough and broken, and the water wells up out of

every tiny crevice or crack, as well as out of tho wider joints

in the rock, and this water cannot all be got rid of by drains
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or by pipes to let it through the brickwork. It can readily

be understood then that in building in the successive rings,

that put in first against the rock would bo the roughest and

most pervious to the water, the next put in would be better,

and the third better still ; the conditions under which each

successive ring is put in being constantly more favourable

the further it is removed from the water. The natural

result of this would be that the rings, as a rule, were least

leaky towards the top of the invert, and most leaky towards

the rock bottom.

In the case alluded to, after the work liad been put in

two or three months, when the cement was supposed to be

set, the pipes were corked. The water pressure came on

the brickwork and had reached a pressure of about GO lbs.,

when in certain places the top ring of the invert was blown

up. After the top ring was gone the second was blown, and

after that the tliird was rising, when the contractor opened

the pipes again and took off the water pressure.

The explanation appears to be simple. The top ring in

these places was the tightest or least leaky of all the six

rings put in, and therefore the water which came with com-

parative ease through the lower five rings was checked by

the top ring, and nearly the whole of the water pressure

came upon that one ring, which was only 4| inches thick

—

a pressure possibly of nearly two tons on the square inch—

-

and this was more than that one ring could bear ; the cement

joints yielded each a little (for no crushed brick was found),

and the ring was blown up. The same process was repeated

at the second ring, and afterwards the third was following

suit when the pressure was taken off by uncorking the

pipes.

This only occurred in certain parts of the invert ; in the

other places, no doubt one of the deeper rings might have
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been the least leaky, and this ring having the support of

those above it was able to bear the pressure.

As may bo supposed, there were places in the arch and

side wall which also flushed off under the pressure. After

full consideration it was finally decided to pump all the

water, including that from the big spring, and in conse-

quence of this decision, a new shaft to contain six very large

pumps had to be sunk at Sudbrook ; and the opening of the

railway had to be delayed a year or more in order to get

this, with the necessary machinery, boilers, and buildings,

all erected.

It may here be mentioned that the writer advocated the

vertical bond instead of ring-work in the arches ; and, in

consideration of his views on the subject, a special provision

was made in the specification to the contract that this bond

should be used if ordered by the engineer-in-cliiof. He,

however, objected to the use of special bricks, which would

have been necessary to make the bonded work, and so none

were used. It is impossible to say what amount of leakage

might have taken place through the bonded work, had the

Tunnel been so constructed ; but it could not have been hlown

like the ring-work. The writer should add that he did not

foresee that in ring-work under great water-pressure the

rings would be blown one after the other, as they actually

were
; for he had never seen such a thing. He merely knew

that an arch so built was immensely stronger in every way
than a ring arch—much as a well-bonded house wall is

stronger than one would be if built entirely of stretchers,

like so many 4| inch walls placed one against the other

without being bonded together.

The Severn water did get into the Tunnel in two places

near the English shore. The new red strata, which are so

hard under the central parts of the river are there much
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softer ; so that at low water tlio level of the river bed is

eight feet lower than on the English Stones proper, and a

shallow low-water basin is left by the tide, some throe or

four feet deep in the deepest places, and called the Salmon

Pool. On the other hand, the Tunnel gradient, rising at the

rate of 1 in 100 from the Shoots, comes nearer to the bed of

the river there than at a,ny other point. When the heading

was enlarged into the full-sized Tunnel, the Severn water in

its muddy state did find its way through into the Tunnel be-

low, and for a time flooded the sea wall portion of the works.

On examining the river bottom at low water, a large hole

was found, and the contractor then cut two wide gutters to

drain the Salmon Pool, and afterwards filled the hole on

top with bags of clay. This enabled him to build tlio arch

of the Tunnel under that ground, and to make all secure

The same thing occurred also a few chains further on, and

was got by in the same manner; but the ohiy in tlio hiigs

gradually ran. through the pipes with tlie water, and the

holes had eventually to be filled with gravel and coarse

sand, which stopped the leakage from the Severn. The

spring water from, below, however, continues to flow into

the Tunnel in many places under the Severn, a,nd is of a

strongly mineralised character, some of the springs colouring

the walls of the Tunnel a bright red, and others a jest blaclc.

One of these black waters has a strongly sulphureous smell.

They are also, as a rule, saline to the taste.

In making the great cutting on the Plnglish side through

the Severn marsh lands, some cui'ious discoveries were

made. These lands are all level and unbroken on the

surface, and were evidently formed at some period by

deposit from the Severn. The lowest stratum, lying on the

new red, was coarse gravel, with large masses of old red

conglomerate, and of mountain limestone, deposited hero
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and there ; tlien a finer gravel, and on this a clear river

sand. All this was quite free from mud, having been de-

posited in water moving too fast to let the fine mud remain.

Then camo silt or muddy sand, and then a layer of peat,

which is romarkablo in being below half-tide level, and

therefore many feet below the water level of every tide.

After this camo a palo-colourcd clay, and then another

bed of peat, two feet thick, upon which was a blue clay up

to the top soil. Both these beds of peat are below the high-

water level of ordinary tides, and yet it is said they were

of fresh water origin, and the trunk of a large oak tree was

found buried below the upper peat bed. The beds above

described preserved their level—though sometimes undu-

lating slightly—all along tlio cutting, and must have been

deposited a long time ago, for there were found four river

courses, as the men called them (creeks or pills, as they

would be called here), cutting through these beds, which

must have indicated a former course of the Ohesscl Pill, or

some such tidal watercourse, for they were filled with more

recent Severn mud ; and this must have taken place long

ago, for tlioro was no indication of their position loft on the

surface.

The works were all completed, and tlio Tunnel wa.s opened

for goods trafiic on the 1st September, and for local pas-

senger traffic on 1st December, 1886.

The quantity of water now pumped from the Tunnel

amounts to twenty million gallons a day, of which eleven

millions ar'o fi'om the Sudbrook spring. This is after many

weeks of unusually dry weather.



Btkxn Ctmiicl Si^ttiait.

By Prof. C. LLOYD MOTIGAN", F.G.S.

IN tho section across tho rivor Severn wHcli accom-

panies Mr. Ciiarlos Richardson's paper, there are several

features of geological interest. I propose very briefly to

draw attention to some of these under four heads : (1) The

Alluvial Bods, (2) the Trias, (3) tho Palocozoio Rocks, (4)

the Rivor Channel.

1. Tho Alluvial Beds.—Mr. W. G. Luoy has kindly given

me permission to malce nse of the following note :

—

" On tho visit of the Cottcswold Club to the Severn

Tunnel, in May, 1885, I made a very liurried inspection

of the Drift. In coming from South Wales, after leaving

the tunnel on tho Bristol side, the cuttings aro full of in-

terest. The upper surface consists of about ton feet of

Yellow Clay, one or two feet of Peat, six feet of Blue Clay,

one foot of Peat, five foot of loamy Sand, and then a mass of

Gravel, twelve to eighteen feet thick, resting upon New

Red Marl. There is evidence of the existence of at least

four pills " (marked " mud " on tho section), " cutting through

the alluvium, occurring at diJferent levels. The bottom of

the largest is six feet under present low water level in the

channel. Cardium cdulo and Tellina solidula were found in

the bed of sand in the gravel. Tlic bottom bed of the gravel

83
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is very coarse compared witli the upper bods, and a short

distance before the thinning out of the ground, it is more
angular, and littlo water-worn, cleai'ly showing that it came
oast of the river. There are largo boulders of quartz, mill-

stone grit, coal-measuro sandstone, slate (probably from

Cumberland), Lickey pebbles, fine quartzites. Old Red
conglomerate, trap rocks, and rolled Lias grypliites. I found

one piece of glaciated dioivitc. The Drift is probably of two

ages. One may be considered as belonging to the low-level

drifts of Mr. Prestwich, in which is mixed up high-level

diift with rocks derived from far distant places."

The four pill-coursca mentioned by Mr. Lucy are very i

clearly shown in the section. They were without doubt

excavated in the blue marsh clay, and underlying beds sub-

sequent to their deposition, but are older tlian the yellow

surface clay which overlies them. Their symmetrical shape

would seem to me to indicate that they were not long

occupied as watercourses.

In the Caldecot shaft (2 on the section), which was
sunk through the alluvium of the river ISTedden, a band of

Scrobicularia marl was found, 39 feet from the surface.

" It is of yellowish grey colour, and is characterised by an

admixture of fresh-water and brackish-water shells, such as

Limncca, Planorbis, Scrobicularia pipcrata, and Cardium edule.

Diatoms are common in it, and also remains of Ghara."

(W. J. Sollas.)

Prof. Sollas classifies the alluvial deposits in the followingo
manner :

—

a. More sandy zone, five to seven

feet.

Zone 1. a Upper Clay.
^ b. More argillaceous zone, with

disseminated vegetable

matter.

/3 Upper Peat.
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Zone 2. a Lower Clay.

/3 Lower Peat.

Zone 3. a Sands and Mad.

j8 Gravel.

Concerning those deposits, Prof. Sollas says .^—

" The presence of glaciated stones in tlie gravel is very

suggestive. . . . Tlie sand is evidently a marine or

tidal deposit, like the blue clay, from wliioli it differs

chiefly in containing no argillaceous sediment, or scarcely

any. . . . The lower peat must evidently have accu-

mulated at a time when the relative level of laud and sea

was different from that of the present day. At New

Passag(;, for instance, it lies at half-tide level, and would

have been, under existing conditions, always submerged for

one-half the day. An elevation of twenty feet, however,

is all that is required to bring the layer of peat np to tlie

same level as that of the existing surface of the ground;

and more than this cannot, I think, well be allowed, for the

tidal deposits lying conformably above and below both beds

of peat scom to point to a simple movement of depression,

interrupted by occasional pauses. The tidal mud beneath

the peat proves that during its formation the margin of the

land was below water, just as surely as the layer of peat

proves that during its formation it was above. "We can

account for the silt on the theory that it was a case of

' deposition during depression
;

' and we can also account

for the peat by supposing tliat the downward movement

ceased for an interval, during which deposition continued

and led to the silting up of the creeks and bays of the

estuary to above the high-water level of ordinary spring

tides ; extraordinary spring tides would raise tho level

somewhat above 'high-water spring' mark, and a marsh-

i
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growth would raise it sornowhat higher still. . . . After

a long pause, during which the lower pc.at, with its associ-

ated remains of forests, was formed, subsidence set in again,

and the lower blue cl.ay gradually accumulated over the

layer of vegetable matter. Another interval of rest suc-

ceeded, during which a new alluvial surface rose above the

tide, and the npper bed of peat was produced; again the

movement of depression was renewed, and apparently not

uniformly, since the lower part of the upper clay contain.s

scattered fragments of plants whicli were probiibly dei'ivcd

from some exposed portion of tlie peat, which the waves

ploughed to pieces and distributed far and wide. . . .

Finally, the upper part of the blue clay was deposited, and

this is more arenaceous than the lower part of the same

deposit, because the continued depression had brought the

sea nearer the area of deposition." (Q. J. 0. 8. XXXIX.
cm-4,.)

Of the blue clay of the Severn alluvium. Professor Sollas

says :
" The blue silt of the Severn alluvium is strikingly

similar in all its characters to the modern ooze ; it consists of

a similar admixture of mud and angular silioious fragments,

while marine Sponge-spicules, Koraminifera, CoccoHths,

and other mai-ino remains similar to tliose of the modem
silt, are universa,lly disseminated tlironghont its mass."

(Loc. cit. 615.)

The peat in the tunnel section, as at Porlock and clse-

whei-c, contains abundant remains of yellow iris flags. Tree

trunks (oak) wore found, but I am not aware of any dis-

covery of mammalian remains.

In this connection a quotation from Mi'. Lucy's paper,

in the Prnc. of the Gottcftniold Oluh, on " The Submerged

Forest, Holly ]Ia,/,lo, Sharpness," may be of interest:—

-

" The Peat Bed, near Sharpness, lies in a hollow, very
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mucli resembling a trougli, excavated out of the lower beds

of tlio Old Red Mai'l. ... It attains a maximum tliick-

ness of nearly foui'tceTi feet, and, as it I'isea near tlio surface,

tliins out to a few inches. It is composed mainly of oak,

alder, beech, and hazel, and towards the top of it some

nuts of the latter were found quite perfect. Some of the

oaks wore of considerable size, indeed one was quite a

giant of tho forest, measuring, as it lay, 80 feet, and 2 foot

9 inches in diameter at tho top. The base was a good deal

decayed, a,nd, <as far as could be ascertained, exceeded 5 feet

in diameter. . . . Where the peat was the thickest,

and within about two feet of the bottom of it, were found

a fine head of Gervus elephus, antlers and jaw bones of rathei

a small decsr, head of horse, and Bos kmgifrons, skull oi^ a

dog, and tusk of the boai'. On showing Pi-of. Church, of

Cirencester, the head of the Oervus elophus, he pointed out

to mo what had escap(!d my observation, that the antk;rs

had been cut off, apparently by some rude implenunit."

(Loc. cit. 1872, p. 112-1:3.)

2. Tho Trias.—These beds call foi' but few remarks.

Overlying the Palteozoic beds is a band of Dolomitic Con-

glomerate of variable thickness,—^twenty-eight feet in Shaft

No. 3 ; four feet in the Sudbrook Shaft, No. 4. It consists

of limestone fragments embedded in a very hard reddish

mati'ix. The fragments vary from half an inch to two feet

or more in diameter. Some of them have peculiar striae,

described by Prof. Sol las in tho Geol. Hag. for Pebruary,

1882.

Above tho Dolomitic Conglomerate lies tho Keupor Marl,

C5 feet in thickness, containing, as at Aust Cliff, beds of

gypsum. 'I'his is succeeded by yellow and white Saiidst(nie,

13 feet thick. Mr. Cliarlea Richardson informs me that
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the white Sandstone was close and hard, and an excellent

building stone.

We know fi'om the Aust Cliff section that tlio Kenper
beds are there 114 feet thick. This is all we have in tlie

Severn Valley to represent the 3,500 feet of Keuper in

Cheshire. The Bunter, more than 1,000 feet thick in Cheshire,

is wanting. The Permian beds are also wholly absent. In
this district, therefore, after the npheaval of the Palosozoic

formations, there followed a prolonged period of continental

conditions and consequent denudation. During this period

many of the sculptured features of Severn scenery were
produced. These were subsequently buried beneath
niesozoio strata, and it has been the work of post-mesozoic
denudation to remove the secondary wrappings around this

ancient sculptured surface.

3. Palmoeoio liochs.—During the construction of the

Bristol and South Wales Union Railway, the great Catty-

brook fault was discovered. This brings Coal Measures
against Upper Limestone Shales. Farther down the river,

at Porfcishead, a great fault brings Pennant against Old Red
Sandstone. Such faults, which may have had much to do
with the determination of the line of the Severn Valley,
prepared geologists for the existence of strata of Coal
Measure age beneath the Severn. Tlie section shows how
these beds have been proved in the Severn Tunnel. It also

shows the occurrence of minor faults.

Concerning the Pahnozoic rocks, Mr. Rvtm D. Jones,
sometime assistant engineer to the Severn Tunnel works,
has contributed valuable information to the Proceedings of
the Oeologids Association, vol. vii. From him I quote :—
"The Coal Measures were entered under the Triassic

Conglomerate, and the information on this point afforded
by the excavations for the Severn Tunnel, is that to which
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the greatest interest attaches. The Pennant Grit, passed

through und(!r the Conglomei'ate in this shaft, had a

vertical thickness of 19 feet, dipping towards tlio centre of

the river, or a few degrees S. of E., at about 1 to 12, its upper

surface here forming the plain of denudation upon which

the Trias has been deposited. Beneath the Grit were 35

feet of the Lower Coal Measures, dipping in the same direc-

tion, 2^) feet consisting of Clay Shales, and 10 feet of Coal

Shales, separated by a 2-inch seam of coal. These rested

on Millstone Grit, 11 feet thick, under which were intoT'-

niinglcd beds of Firestone and Shale, about 6 feet thick

Under the Shale came a remarkable bod made up of Inmps

of Mountain Limestone, with angular corners, embedded in

the Shale, 14 feet in thickness ; the lumps varied in size

from small pieces to blocks as lai'ge as a wheelbarrow. The

remaining 2G foot of the shaft penetrated a very hard, close-

grained, red fircstono, or ii'onstone (as it was called by the

miners), occurring in regular beds from 6 to 12 inches

thick, separated by layers of hard fire-clay about an incli in

thickness.

" From this shaft two headings have been driven under

the river, a lower one commencing at the bottom of the

shaft, and an upper one 40 foot from the bottom, the former

being continuous, and nearly two miles long.

" The upper heading begins in the Millstone Grit, and the

floor of the heading continues in it for 50 yards, but the

roof passes into the Coal Shales at a distance of 10 yards.

The length of Coal Shales passed through was 20 yards, and

it was followed by the Shales for a length of 110 yards,

when the Pennant was entered.

"In the lower heading the same kind of rock that oc-

curred at the bottom of the shaft was found for a distance

of 40 yards, when the limestone blocks in shale were reached.
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The limestone was hero continued for 90 yards, occnrrin<>-

first in strips about throe feet thick (of wliich tlioro were
six interlaminated with shales), but becoming more massive
towards the end, where a block about 12 yards thick at the
bottom and tapering away to a point at the top was met
with, which appeared to be but a projection of the limestone
underneath into the overlying shales.

" The next 40 yards were in the bed of shale which was
found under the Millstone Grit in the shaft, and were fol-

lowed by 40 yards of Millstone Grit, 30 yards of Coal Shales,

and 70 yards of Clay Shales, the two latter representing the

Lower Coal Measures. Resting upon these, the Pennant

was again entered. It extended in one solid mass (with the

exception of a few beds of interlaminated clay shales) for

nearly a mile, carrying the heading about 500 yards beyond

the Shoots channel. A considerable quantity of water was
met with in various places in driving through it, about 150,000

gallons an hour altogether. The Upper Coal Measures were
next entered, and were found to consist mainly of hard Clay

Shales. In the portion immediately overlying the Pennant

two seams of good hard coal were struck, one 15 inches and

the other 10 inches in thickness. Some thin beds of Pennant

were also found in this shale. The heading continued in

these Upper Coal Measures for about 400 yards, when a

sudden change took place, and the New lied Sandstone,

which is here faulted down against the Coal Measures, was

entered.

" Appended is a tabular list of the strata passed through

in Shafts No. 3 and 4, and the heading from the latter

driven last, which are the most important parts of the work

geologically considered :

—

•
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Shaft No. n.

Fine Sand and Gravel

^Yellow Sandstone

Trias . . . < Red Marl (very hard)

CDolomitic Conglomerate

("Pennant Grit

Carboniferous . 5 Lower Coal Measures (Clay and Coal Shales

^ mixed) 20

150

Feet.

. 18

. 12

. G8

. 28

. 4

Trias

Carboniferous

Shaft No. 4.

Fine Sand and Gravel

/Yellow Sandstone.

5 Red Marl (very hard)

(.Dolomitic Conglomerate

'Pennant Grit .

Feet.

7

U
05

4

19

Clay Shaloa, 25 fGct|

Coal Shales, 10 „ JLower Coal Measures

Millstone Grit

Shales (very hard) ....
Limestone and Shales

^Eed Sandstone (hard and close graiued)

;J5

11

fi

14

2()

200

Bottom TToading (from Sliaft No. 4.)
YardH

/ Red Sandstone (same as in bottom of shafts . 40

Limestone and Shales 90

Shales 40

Millstone Grit 40

(Coal Shales, :!0 yards )

Lower Coal Measures
[ciay Shales, 70

' „ \
^^^

Pennant Grit 1,000

\ Upper Coal Measures (broken by Fault) . . 400

Trias .
all beyond the Fault.

Carboniferous .
"<

" The first foatnro to bo noticed in connection with tlicso

excavations is the great variety of strata whicli have been
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met with, and tlioir perfect geological sequence. Tins is

sliowu in. a striking manner in Shaft Wo. 4. This shaft is

only 200 feet deep
; nevertheless, in sinking through, that

distance, the New Red Sandstone, Dolomitic Conglomerate,
Pennant Grit, Lower Coal Measures, and the Millstone Grit
occurred within a vortical depth of 154 feet.

" The vertical thickness of the Pennant Grit here is 19
feet, as stated, its dip averaging 4-75°, and its horizontal

length 1,000 yards. Calculating from these data, its actual

thickness may be stated as 400 feet, or less than a fourth of

its average thickness in the Bristol Coal Field; hut the

greatest anomaly is in the thickness of the Lower Coal
Measures and the Millstone Grit, which here have an actual

thickness of only 35 feet and 11 feet respectively, as against

2,000 and 1,000 feet in the Bristol Coal Mold.

" In the cutting near Portskewet station on the South

Wales Railway, nearly half a mile to the north-west of the

shaft, the Mountain Limestone is exposed, coming very

ii(!:u'ly to the surface, dipping E.S.13., or nearly in the

direction of the shaft, at an angle of about 5°.* From tiiis

it would appear that the Limestone ought to bo found at the

shaft at a depth of about 200 feet from the surface. Very
nearly at this depth the peculiar lumps of Limestone in

Shale, and the interlaminated beds of Limestone and Shale
were found, which show that in all probability we are there

on the top of the Mountain Limestone.

" It may be mentioned with regard to the bed of Millstone

Grit, that the distinctive character of the rock would leave

* The average clip of tlie Carboniferous bods, ascertained by ob-

servations taken in tlie shafts and headings, and by comparisons of

the relative po.sitions of tlie bods in the shaft with those in the headings,

is about 475° corresponding to a fall of 1 in 12.
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no doubt as to its identity, even if this eoiild not Le estab-

lished independently by its position.

" From tlie distinctive cbaractcn' of tlio rocks, top^etlier

with the regular sequence in which they oocnr, and the

proximity of the outci'op of the Mountain Limestone in

the vicinity, we are led to believe that the Lower Goa,l

Measures and Millstone Grit thin out in this district to a

mere strip, notwithstanding that they attain greater thick-

ness in the Bristol Coal Field.

" We know pr<!cisely where the bottom of the Pennant is
;

we have every reason to believe that 50 feet lower down we

are on the top of the Mountain Limestone, so that the Lower

Coal Measures and Millstone Grit must be wholly contained

in the intervening space.

" The mixed beds of Shale, Limestone, and Sandstone

which occur at the bottom of Shaft No. 4, and probably also

for a short distance lower down, might be added to the

Millstone Grit, thus increasing the thickness of the series

to that extent ; but as thin beds of Millstone Grit are usually

found among the top bods of the Upper [jimestono Shales,

I have inoliuled this portion of the shaft in the Limestone

series.

"As far as can be ascc^rtainod, tlio actua-l thickness of

tlie strata on the western side of the river Severn are as

follows :

—

Trias 85 feet.

Upper Coal Measures unknown.

Pennant Grit 400 feet.

Lower Coal Measures. . . . . 35 „

Millstone Grit 11 ,,

The bed described by Mr. Jones as " close-grained red

firestone " is that marked "Mountain Limestone" (blue) on

the section. Mr. Charles liichardson informs me tha.t if
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ofeervosced slightly with acid. The bed of Shalo containing
1

O
lumps ot Mountain Limestone is puzzling. From the de-

scription Mr. Jones gives, I should be disposed to believe
that the limestone was originally interstraiijied with the shale.

The section shows how much the bods are broken and dis-

arranged near this point. One would be glad to know
whether any fossils were found in this limestone. Mr.
llichardson does not i-emomber having seen any. llenieni-

boring that Port-Major Austin described beds of Limestone

as occurring in the Millstone Grit, one cannot but feel some
doubt as to whether the true Mountain Limestone, or even

the Upper Limestone Shales, were reached. The Millstone

Grit in the Forest of Dean is nearly 500 feet thick. Near

Bristol it is nearly twice that thickness. The thinning out

of the Lower Coal Measures is remarkable. Here again, one

cannot but regret that the broken character of some of the

beds should make one fool that any interpretation of the

sequence here may possibly bo somewhat " at fault."

4. The liiver Channel.—There can be little or no doubt

that Mr. Charles Richardson is correct in ascribing the

' Shoots " channel to tlie wear and tear of the river bed,

duo to special denudation along this lino. Mr. Stoddart's

" ancient fissure " theory is practically out of court. There

is one remark in Mr. Richardson's paper, however, to which

I should like to draw attention. He says, " The Shoots

Channel, as you ascend the river, points towards the Welsh

shore, so that the in-flowing tide presses against the Welsh

shore
; while, on tho other hand, the main stream of the

ihbing tide is flung towards tho English shore by tho pro-

.iecting point of St. Tocla's Chapel Rock, thus leaving an

intermediate sandbank, called the Dun Sand, in the middle

of tho river, between the up and down currents. The ebbing

tide, thus thrown on to the English side, passes over the

e
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English Stones so long as the tide is high; but as half-tido

is approached, the waters, having no longer an outlet that

way, rush along the head of the English Stones down to the

Shoots." Now I have very little doubt tliat along the lino

of the English Lake and English Lake Channel (see map),

a new channel for the ebbing tide is even now in progress

of formation, and that in the near (geological) futni'e,

all the ebbing tide will be carried off by an English Channel,

while all the incoming tide will, as now, pass through

the Shoots.
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Cj)£ 3irrlj.

By CHARLES RICHARDSON.

A paper read before the Engineering Section of the Bristol

Naturalids Society, on the 18th of October, 1887.

"TTTHEN speaking of arclies, Dr. Huttoia says: "A large

' V and elegant bridge, forming a way over a broad and
rapid river, is justly esteemed one of the noblest structures
that the skill of man can raise."

I hat arches are naturally picturesqtie structures we may
infer from the fact that all artists bring a hridge into their

landscape whenever they can ; wo may therefore under-

stand that the Doctor's assertion is fully borne oat when
the bridge is both " large and elegant," but an arch cannot
be elegant that is not in accord with the true balance of

natural forces.

Arches have been built for many centuries ; but the cal-

culation needed to ascertain their true form, with a full

knowledge of the pressures and thrusts at every jjoint, in-

volves the higher mathematics, which were only first dis-

covered in the time of Newton. Before that, therefore, the

building of arches must have been a mere question of trial

and ciTor, and subsequently of iade combined with prece-

dent. For instance, in our old Gothic architecture we have
93 I I
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in tlio best examples a marvellous display of great taste and.

boldness of construction, where the cultivated eye may ob-

serve that the arch thrusts are all admirably accounted for,

and that the intermediate groinings are carried by slender

and lofty columns, all beautifully proportioned to the pres-

sures or loads they have to bear.

Doubtless this amount of skill was only arrived at gradu-

ally, and through numerous failures in the first instance, or

by what has been called trial and error ; but the exquisite

taste of the old architects has been displayed in bringing

these noble structures to the perfection we now witness

and admire.

In every structure, we may take it that suitability to its

object and surroundings is the chief element of stability

as well as of beauty. As wo indeed find it throughout

Nature : everything there is most suitable to its purpose,

and everything also most beautiful to the eye.

Thus, in arches, a lofty arch of com])arativoly small span

is most suitable in a lofty building like a church, where

top weight has chiefly to be borne, as it is also the most

beautiful ; but under a flat roadway an arch of wide span

and small rise is by far the most beautiful as well as the

most fit for its purpose. The arch should be of the true

curvature due to its natural equipoise, as is explained fur-

ther on, and as is also exemplified in the roadway bridge

by its suspended counterpart—a suspension bridge—where

the natural and graceful curve of the chains always forms

its chief beauty. T^astly for a tunnel, the semi-circular

curve is the fittest and looks the best, because it has to sup-

port heavy pressure all round.

The Gothic architects of old, without doubt, displayed

the greatest taste in their structures, in providing against

the disturbing effect of the horizontal thrust of their lofty.

I
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arolies by the addition of ordinary and flying buttresses to
countervail this thrust, and in making those buttresses a
great ornament to their structures ; they appear in fact, to

have had the taste to make all the parts necessary to tlie

utility or stability of their buildings contributory to their
beauty also—a grand proof of their exquisite taste ; but
thoy, as has been said, can have known nothing of the true
theory of arch-building, and must therefore in that respect
have acted from precedent alone.

Now, on the contrary, we have the moans of calculating
exactly all the thrusts and pressures as well as the true
form of the balanced arch under all required conditions ; so
that our experimental knowledge is confined simply to that
of the weight and strength of the materials which have to

be relied upon in the construction of any arch.

We may now proceed, in the first place, to consider the
principle involved in the construction of an arch.

An arch, at all times, is a halnnce.d structure which, when
correctly built, maintains itself between two, more or less

distant, fixed points of support, or abutments, in such man-
gier that all its parts shall be in perfect equilibrium what-
ever the weight of the arch itself or that of the super-

structure placed upon it may be, and however that load
may bo situated.

Structurally, the theory of the arch is this : Eeferring to

the upper diagram (page 103), which represents the simplest
torm of arch—namely, a rude structure of only three stones

•Jotwoon the abutments. This rude arch, liowevor, in-

volves the whole theory and principle of the balanced or
' 0(juililjrated " arch, as it is called.

Lot us suppose the two abutments to be, say, C feet apart,

find that the three stones are roughly squared flagstones

which, placed end to end on a floor, will cover a length of
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say, 7-^^ foet; it may be conceived that if two of tlieso stones

be placed against the abutments and the third in the

middle between them, as shown in the sketch, it might be

possible so to place them that they would balance each

other and remain as a rude self-supporting arch, notwith-

standing the so placing of them by hand would be a work

of the greatest difficulty.

Now, though we may be unable to do this by hand, yet

Nature will solve the problem for us at once in this way :

Let us only imagine that the stones are strong magnets,

and that the three stones and the abutments are turned

upside down, so that the three stones shall be in suspension

from the abutments, perfectly free to move at the joints,

but held closely together by our supposed magnetic attrac-

tion ;
then the three stones woiild naturally fall at once

into their true positions, and if we could ordy replace them

in these exact relative positions when again turned up, we

should have a perfectly balanced structure.

This principle of inversion and suspension is true of all

balanced arch structures, whether they are of the simplest

form, as in this case, or in any more complicated form, and

whether they are arches of construction or inverted arches

of suspension ; both are dependent on the same vertical

force of gravitation combined with horizontal thrusts. All

that is necessary is only that the structure should bo

balanced. The difference between the two forms being, that

the arch has to be constructed in truly balanced form, while

the inverted arch falls of itself into its perfectly balanced

position. The one is equipoised by art, the other by

Nature.

If, for example, we take a string of beads, and hook up

the two ends of the string, we know that the beads will

range themselves immediately into the form of an inverted
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arch, notwitlistanding that the weight, form, and size of

each bead may vary to any extent. Now we know this

only from experience and the belief that natural laws are

constant. But on the other hand, if we do know the rela-

tive forms, sizes, and weights of every bead, we might find

it beyond our powers of calculation to define haforeJiand the

precise form of the inverted arch that these beads would at

once assume when suspended, unless indeed the problem

were simplified by making all the beads equal or varying

only in certain symmetrical ratios. Yet, in all cases, if wo
wore a.ble to preserve the exact relative positions and bear-

ings of these beads forming the inverted arch, when we
turned it up they would always form a truly equilibrated

arch which would, support itself porfcctly on its two ex-

tremities. The powers of Nature so far excel the powers of

art.

Returning again to oiir simple diagram (No. 1), we are

supposed to liave here an arch of three stones in perfect

equilibrium; this moans that the counterbalancing forces

a})plied to the angles B and C in opposite directions should

exactly balance one anotlier—consequently, if tJie opposing

forces are known, this may be proved by means of the well-

known mechanical law of the "parallelogram offerees."

But in order to apply this law to our diagram with

greater olearjicss, let us siippose that the three stones are

represented by three stiff rods, AB, B C, and CD, abutting

against the fixed points A and D, and let us further suppose

that those tliree rods are of tlio same weight as the stones

which, they each represent, and that they are in their truly

balanced position, though perfectly free to move in the

vertical plane.

It is evident, in the first place, that these balanced rods

are only kept in position by the naturally opposing thrusts
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at each anglo being exactly equalized
;
that is, tliat tlie rod

AB leans or thrusts against BC with a force which BC
resists with perfect accuracy, because tliey are balanced ; for

if the thrust of either were in the slightest degree altered,

the equililirium would bo destroyed and tlio arcdi would

tumble down at once.

In this diagram B e and 0/ are supposed to be vortical

lines, and the other lines Ce parallel to A B, eg to B C,

B/to CD, and//i to B C,

Now, in the parallelogram gJiGe wo have a parallelo-

gram of forces. If the lengths of the linos ;/ B and BC
represent the opposing thrusts against the jjoiiit 1? in those

directions, then B e must represent the vertical load on B
(or suspended from B, which is^ the same thing). Also at

the point C, BC and Gh represent the opposing thrusts in

those directions, and C/ the vertical load on C ; and it is

evident to the eye, from the comparative acuteness of the

angle C, that there is a greater vertical load on C tlian

onB.

T;ot US draw the horizontal lines B k and h I perpendicu-

lar to C/, then it is evident, with regard to the thrust B C

against the angle B, it is made tip of the horizontal thrust

B k combined with the downward vortical thrust C k.

Again, the thrust of C 7i against h (or its continuation to D)

is composed of the horizontal thrust I h and the vortical

C I ; but B A; is equal to I h, because the two triangles are

equal ; therefore B k and C I, which represent the hori-

zontal thrust, are the same in both cases. In like manner,

if from the points C and g, perpendiculars were drawn to

the line B e produced, the horizontal thrust there would be

also equal to B k. We see, therefore, that the horizontal

thrust is the same in all three sections of the arch, notwith--

standing the over-varying vertical loads; this principle iS
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tnio of all arches wliatovor tlioir span— tlio liorlzoiital tkrust

is always tho same in all parts of tho arch.

Again, if tlie diagram is txirnod upside down, it will then

represent an inverted or suspended arch, and it will he

found that the same law of tho parallelogram of forces will

equally, and in the same manner, prove all the problems

above mentioned, the only dilFeronce being that the thrnsts

become tensions and the tensions thrusts; but the propor-

tional amounts of these forces, represented by the various

linos, remain exactly the same as before, in the direction of

those lines : tho horizontal tension liero also remaining con-

stant throughout the length of the arch, while tlie vortical

load continually varies.

This proves tho truth of what has been before stated,

that if an arch be truly eipiilibrated in construction, it will

be equally true in suspension, and that every constructed

arch may be considered to liavo its suspended counterpart,

in which the forces in every part are precisely the same

both in energy and in direction, and that reasonings based

upon tho one will always and equally apply to tho other.

Having now learnt what we havo from Diagram 1, which

represents the simplest possible form of arch, lot us proceed

to learn what we can from Diagram 2.

We may hero suppose that we have an equilibrated arch

of six rods or stones, A B, BO, CD, D E, EP, and F Ct,

hetwoen tlio abutments A and G, supporting a horizontal

roadway TR; that those rods meet at the angles B, C, D,

E, and F, of whicli D is tho central, and is also the middle

point in the arch ; and that AT, B 8, etc., are vertical lines

from tho respective angles up to that road line, D being

the central of these lines, and its length, termed tho " crown

thickness " of the bridge. These lines must of course repre-

sent tho vortical loads on each angle, if all the material
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between the soflfit of llio arch and tho road lino is throngl;>

out of tho same specific gravity.

Now it will bo i-ocollected that in tho case of Diagram 1

,

in order to find all tho tliruHtH acting upon the three rods,

we drew tho parallelograms B 7i and Gg, and proved that

tho thrusts along A B, B C, and C D were represented re-

spectively by tho lines gli, H C, and C h, that tho vortical

loads on the angles B and C were repi-esented by the verti-

cals B e and C/, and that tho horizontal thrust in every case

was represented by B h.

Following the same rule of construction in tho proaont

case, but without drawing the ontii-o paxallelograms, which

are not now necessary and would entirely confuse the

figure
; let us begin at the central point D. First draw a

vertical lino zm through D, and Gi parallel to D E, meeting

zm in i; wo now have a triangle of forces, C D i, in which,

as proved in the former case, each side will roprosont tho

thrust in its own direction

—

Ci tho thrust along D E, DC
that in its own direction, and D i tho vortical load on tlio

angle D, which vortical load is also represented by D,

therefore D'i is equal to DO, and, farther, tho horizontal

line C h drawn from C to the line z m will represent the

liorizontal thrust throughout tho arch. To prooood now to

the next angle E, C i is already drawn parallel to D E, lot

us draw Gk parallel to E F"', mooting zm in k; thon it fol-

lows, as hoforo, that C k will I'oprosont the thrust along E .F,

and ik (equal to P E) tho vortical load on E. In tho same

manner draw Gl parallel to F Gr and Cm parnllol to tho

dotted line throngh G, then CL and CM will roprosont the

thrusts along F(t and tho dotted line through G respect-

ively, and kl and Im (equal to QF and E, G) the vei'tical

loads on F and G.

On tho other side draw C ,r, C y, and C z parallel respect-
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ivoly to OB, 13 A and tlio dotted lino throiigli A; tlion G x,

Cj/, and C 2 will represent tho tlirnsts along 015,1! A, and

the dotted lino through A.

Thus we have in this triangular fi'aine ^ m lines repre-

senting all the thrusts in tho entire structure, those thrusts

in the direction of the arch rods A B, BO, D, D E, E F,

and FGbyCy, O.t, OD, 0/, 0/,-, and 0/, the horizontal

thrust by Gh and tho vortical loads AT, B S, ('N, O D,

P E, Q F, and E, G by zy, y x, ;» D, D i, i k, k I, and I m re-

spectively. The line 2; m represents therefore the weight

of tho whole bridge.

From what has been proved by means of this diagram,

it may also be shown that if we wish to sketch an arch of

the correct form to suit a given span under a given road line,

wo can, by an inversion of the process just described, obtain

tho true form of the equilibrated curve, by construct.ion on

a sheet of paper, in the following manner

:

For instance, lot our object bo to construct an equili-

brated arch to carry a level roadway T R over an opening

30 feet wide between the abutments A and G in Diagram 2.

Let us begin by dividing the roadway Til into six equal

lengths of five foot each at T, R, N, 0, V, Q, and R, and

through all these points draw vertical lines. AVe next as-

sume a crown thickness D in the middle division of tlie

roadway Tli,, lotus say equal to two feet, being one foot

for the thickness of tho arch and another for tho super-

structure or metalling, etc. We then take D i equal to

DO, and from h, the middle of D i, we draw the horizontal

line h 0, meeting N in C, then the lino joining D will be

the first rod, and D E, parallel to i, will be the correspond-

ing rod on the other side of the centre D, meeting P E in E.

We then take i k equal to N or P E and join /r, and draw

E F parallel to k, then talving k I equal to Q F we join I
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and draw F G parallel tn it. Lastly, wo take Im equal to

R G and draw the dotted lino from G parallel to it. We
have thus completed the arch on that side and may com-

plete the other side in the same way, the two sides being

natiirally alike under a liorizontal road line.

Wo have thus drawn a truly equilibrated arch between

the abutments A and G, in which every line in the diagram

shows its thrust in its own direction.

In the diagram we have only divided the road line into six

equal parts for the sake of clearness, but in practice it may

preferably be diVidod into a much greater nuiid)or of equal

parts, in order to show more exactly the ti;uo curvature of

the arch.

This constructive method is perfectly trxie in principle;

but in practice it requires so great accuracy that it can

hardly be relied upon for arches of wide span, because the

errors are accumulative. It is better, then, to make use of

Dr. Ilutton's formula in such cases, "whereby we may obtain

the true curve to any degree of accuracy.

In the next example the crirve has been obtained by the

use of this formula, a copy of which is here inserted :

—

:€

a

y

7^.

Half Spcav h,

Rise + cv - c

y 'h)(-

hyp.l.g.^t^^^

hyp. log.
C-tVc^'O/''

The largo drawing shows the elevation of a " Model
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Arch,"—so called because tlio curvature of tliG arch is in tho

truly equilibrated form, and because it will serve to prove

in a practical manner many points in the science of Arch-

building.

The scale of this large drawing * is two-thirds of an inch to

a foot (or an eighteenth of the natural size). The span of

the arch is 85 feet, the rise 10| feet, or an eighth of the

span, and the crown thicknosa is 5^ foot up to the road lino.

The road line is horizontal. The tliiokness of the brick-

work forming the arch itself is throe bricks, or 27 inches
;

the crown thickness of 5 ft. C> in. is therefore made up of

2 ft. 3 in. of brickwork, and 3 ft. 3 in. of superstructure or

metalling, etc.

Being an "equilibrated" arch, the natural lino of thrust

passes exactly along the middle in thickness of the arch

from one abutment to the other.

Now, taking the weight of the material, both of the brick

arch and of the superstructure, to be Ij cwt., or 140 lbs., to

the cubic foot, the load on the crown, which is 5 ft. 6 in.

thick, makes the vertical load there 7 cwt. on the square

foot. The thrust or bed pressure on the brickwork at the

crown is 38^ tons on every foot in widtli of the arch, which is

the constant horizontal thrust, throughout the wholo arch

;

while at the springing, on account of the greater vertical

load there, it will be 44'9 tons. The thrust at any point in

an equilibrated arch is always the horizontal thrust multi-

plied by the secant o^f the angle of curvature at that point.

Again, taking the safe load npon the brickwork to bo

f) cwt. on the square inch, or 36 tons on the square foot, the

iiecesmry thickness of the arch would be 12;} inches at the

crown, and 15 inches at the springing ; we may therefore

take 15 inches as the necessary thickness of tho arch

* See reduced diaKnim annexed.
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throughout, leaving a thickness of- 12 inches as a margin of

safety against any moving or additional load that may bo

placed upon it.

If a d liferent form of ciirve in the arch had hocn adopted,

that of a circular arc for example, the thickness of tlie arch

brickwork miist contain within it the needful 15 inches of

thickness all round in the true line of equilibrated thrust;

for Nature will follow no other, form the arch how yon will.

Now, the circular arc leaves the true line of thrust G inches

at the haunches on each side ; therefore, to make the circular

arch equally strong, it must be made six inclies tJdclecr all

round. This would, therefore, require nearly a quarter more

brickwork, and then the arch would not be nearly as elegant

as the natural curve.

That the curve of this arch is truly equilibrated may bo

shown in a simple and practical manner by suspension, as has

been before described.

We have hero a brass chain of the length of the cirrve

as shown on the model drawing. Each liidi of the chain

represents 9| inches of the aroh, and from each link is sus-

pended a steel rod of a length representing exactly the

calculated load upon that 9| inches of the arch. The model

being taken to represent one foot in breadth for the con-

venience of calculation.* The model is not perfect, but it is

near enough to the truth, to fairly represent tlio various

points alluded to.

Let us now invert the drawing, and by moans of those

hooks hang on tho cliain, so as to bring the cliain-ends to

the points of springing. It will bo at once perceived that

the chain, as it adapts itself to tho true theoretical line of

equilibration, precisely represents also the curve of the arch

* One ounce in the model reprcaonts 2J tons in the bridge.
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as drawn, and the, ends of tlie suspend od rods sliow the

horizontal road line.

This is a practical proof of the accuracy of tlic curve

calculated from the formula, and of its coincidence with the

true line of thrust.

But this model will toll us more than this, and luore than

wo can find out from our formula. Tor instance, though we
may now be prepared to grant tliat the arcli may at present

1)0 in true equilibrium as it stands, we may still wish to

know how it would be affected by a very heavy load passing

over tho bridge from end to end. This tlie model will at

onco toll us in an equally simple and pi'actical manner.

Let us take, for example, tho heaviest locomotive engine,.

say of ,50 tons weight, ou a wheel base of IG feet, passing

over tho bridge
; what effect will such a load have in dofloct-i,

ing the curve of equilibration ?

First, we must recollect that this wheel base of IG x 5

feet on a permanent way would bo spread, by i-ho coliosion

and friction of the structure, at an angle of at least 1:1,
and that tlierefore tho load would take a bearing on tlie

arch below of 27 foot long by IG feet wide ; that is to say,

that on IG feet in breadth of the arch a now load of 50 tons

would bo placed, extending 27 feet in length. This would

add 62| cwt. to tho load on each foot in breadth of the IG

feet. Now, as wo suppose the chain model to represent one

foot in breadth of tho arch, then the imposition of this 50-ton

engine will add a load of 62^ cwt. to 27 feet run of this

model ; and as the rods arc 9; inches apart, it will come on

34 rods with a load of 1-84 cwt. on each rod. We have here

34 small brass weights which represent 1-84 cwt. on the

scale of the model, and if we stick these wciglits on 34 suc-

cessive rods in any part of the arch, wo shall see precisely

the effect on the equilibrated curve, of the 50-ton engine
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standing on that part of the arch. Or, if we start from one

end and stick the weights on the first 34 rods, and after-

wards move them forward one by one, we shall see the oflfoct

of the 50-ton engine as it passes over the whole length of

the bridge. We shall find that its greatest effect is when
it gets near the centre, when it depresses the " line of

thrust " 2 1 inches.

It may be well to pause a moment here in order to form

a clear conception of what is meant by the " line of thrust "

in an arch. For this purj)oso we may with advantage look

first to the suspended arch ; for its equilibration is self-

formed and therefore both visible and measurable ; we must

also recollect, that every constructed arch has its suspended

counterpart, in which the forces in every direction are the

same, the nominal difference being, that what are tensions in

the suspended, are thrusts in the " constructed " arch.

In the model bridge as drawn, the line of thrust may be

supposed to pass tliroiigli tlio centre, in thickness, of the

arch; while in its suspended countci'part, the chain model,

it passes through the centre of the chain; but this really

makes no difference, for if the lino of tension is supposed to

pass through the rods, half the thickness of the arch below

their tops, so that the, tops of the rods should, when the

model is turned np, represent the soffit of the constructed

arch, and the line of tension be thus brought into the middle

of what represents the arch thickness in the constructed

arch, yet it would not have made the least difference to the

curvature, or to the comparative thrusts and tensions any-

where, but it would have added a great diiliculty to the

manufacture of the chain model. The model, as it stands,

is not really perfect ; for example, in our calculations from

the formula, wo assume the distances apart of the rods to bo

the same horizontally, but they are not so, for the links of
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the chain are of the same length all through, and this brings

the rods nearer together towards the springing, whore the

chain becomes gradually more inclined. This, of course,

uiakos the vortical load a little too heavy as it approaches

tho springing
; but in an arch like this, of wide span and

small rise, it makes so little dilference that it is not worth

notice.

Iloturning again to the " lino of thrust." If an additional

load be placed upon any part of the arch, the alteration in

the line of thrust is at once apparent in tho altered form
and tendon of tho cliain of the suspended arch, which
adjusts itself to the now equilibrated curvature

; but it is

not a,pparent in the constructed arch, notwithstanding that

tho lino of thrust is- similarly and equally altered in both.

The chain, in fact, gives us the means of knowing, mechani-

cally and precisely, what this alteration amounts to in the

forces aifecting the solid arch.

The alteration in the " line of thrust," as passing through
a constructed arch without outwardly showing any visible

change, may be illustrated by a familiar example. Let us
suppose that a stone pillar has been standing lor some years

in a builder's j'ard. As it stands there, the " line of thrust "

IS vortical from the centre of gravity on to tho slab on

which it stands, the weight of the pillar giving the amount
01 tho thrust and the sizo of its base the margin of

Stability. Being out of tlio way, and handy for his purpose,
^et us suppose a workman tilts a couple of planks against it;

the pillar makes no sign, but its "line of thrust " is altered

^y the push of those planks, and brought a certain amount
nearer to tho opposite angle of the base. By-and-by the

workman tilts against it two more planks, and the thrust
line is brought another half-inch nearer to the angle of the
oase

; but yet there is no movement, for the point of thrust

KK
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is still within tlio base. Seeing no movomont in the pillar,

the workman occasionally adds another plank or two, until,

in the end, the last plank he adds sends the line of thrust

outside the base, and then the whole falls to the ground.

This exactly represents the relation of the " line of

thrust " to the constructed arch. The arch, once built,

cannot move ; it can only tumble down whenever the " line

of thrust " is driven outside of the arch in any part.

In the chain model, therefore, we see that the chain

(every link of which is freely movable in any direction in

ixnswor to the forces applied to it) must accurately asKumo

the truly equilibrated curve-line of tension, and must also

thus show us the corresponding " line of thrust " in the

constructed arch, both as it stands under the dead load

only, or under any added load. In the same way wo have

seen that the weight of each rod and its link tells us the

precise vertical load at that point. Thus we get the load of

7 cwt. on the square foot at the crown of the aroh repre-

sented by the weight of the central rod and. its link. We
get the thrust against the abutments, 44'9 tons on the foot

in width of the arch, by the pull of the chain at its extremi-

ties, as measured by a delicate and well-constructed spring

balance ; and the horizontal thrust throughout the arch, 38'6

tons on the foot in width of the arch, by the pull of the

chain in its centre, where the chain is horizontal.

We may also got, in like manner, exact measurements of

all the increased strains or thrusts caused by any added load

on any part of the arch ; such as those that would bo caused,

tor example, by the passage of the 50-ton engine over the

whole length of the bridge.

Now, as in the suspended nrch, the chain must bo made

strong onongh to bear the dead load of the whole structure,

together with the greatest live load that can ever bo placed
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upon it ; so must the thickness of the constructed arch be

sufficient to bear the constant dead load of the whole struc-

ture, together with the greatest live load that can ever be

taken over it.

Taking first the case of the dead load. In the model arch

it has been shown that the thickness required for this

pur])OK0 must bo 12,} inches at the crown, and 15 at the

springing, tapering proportionally from tlio one to the

other.

This I have termed tlio necessary thickness, for it forms

the basis of our reckoning, as well as tlio main consideration,

particularly in arches of wide span. If, therefore, on the

drawing of tho arch (Plato XVII.) we mark off a middle

thickno.ss of 12^ inches at the crown, and of 15 at the

springing, and draw lines in the proper curves,—A the upper

and B tho lower,—joining these marks (the thickness is at

every point directly proportional to the secant of the angle

which the equilibrated curve makes with the horizon at

that point). Then, this middle space will show the necessary

thickness throughout the length of the arch. This is on the

assumption that the safe load on the materials should be

One-eighth of tho crushing load of cement, as will bo alluded

to presently.

Having now provided for tlie dead load by means of that

middle portion of the arch between the lines A and B, let us

look more particularly into the effect of the live load. This

has been represented by the supposed passage of the very

extreme load of a 50-ton engine over the bi-idge, and tho

''esults have been exem])lified jiractically by its effect upon

the suspended chain model. We have seen that the chain

(which constantly represents the equilibrated curve of

tension) was always deflected under the engine as it passed

along, until it attained an extreme deflection, in mid span,
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of 2 1 inches. At the same timo that tlic chain was defloctGd

under the load at any point, it was seen that the radius o±

curvature of the chain was sharporwd there, under the load,

but flattened along the other parts. This latter elfoct we

at once know mud be the case, for the chain would other-

wise have been lengthened.

If now, while the engine is in nud span, we ])rick through

every link of the chain into the j)aper behind, we shall

obtain the new line of equilibrated, curvature, and shall see

exactly how the equilibrated curve of the line A has been

modified by the added load of the 5()-ton engine on the

middle of the arch. Lot us draw a dotted line through

these points, and then turn the drawing the other way up.

Now consider what we get then. We get the true form of

the constriicted arch under the new load, as pointed out

by the hand of nature, and we know that the line of thrust

must assume that new form m order to support the com-

bined loads WW placed u7)on it. We tliereforo see that, in

order to carry in truly balanced form this 50-ton load on

the middle of the constructed arch, the equilibrated curve

of thrust is there raised 2 J inches, though the curvature

is depressed somewhat along the other parts, whioli are not

similarly loaded; the dotted line will accordingly be 2f
inches above the line A at the crown and gradually run into

it lower down. We know that the line of thrust, under the

load, 7nust and does pass along a line represented, by that

dotted curve through the solid arch, though nothing of this

is visible in the constructed arch.

Again, we know that under the 50 tons added load there

would also be an increased amount of thrust, which would

render necessary an increased thickness of arch. Let us

reckon what this increase amounts to.

As the engine stands upon the crown of the arch, it
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would of itself, as lias been already explained, add 2-32 cwt.

to the 7 cwt. load on the sqnare foot at the crown. This,

multiplied by the radius of curvature, which is now 104

feet, as shown by the dotted line, instead of ] 10 'foot as

formerly, will give us an additional horizontal thrust of 10

tons on the foot in breadth of the arch. This additional

thrust will add 3^ inches to the necessary thickness of the

arch at the crown, and 4-4 inches at the springing. If

these additional thicknesses are added on to the original

necessary thickness, they will make 12|- + 3J=16j- inches at

the crown and 15 + 4'4=]9'4 at the springing, as shown by

the lower dotted line under the line B, they will give us the

necessary thickness under the new load all round, and will

still leave an ample safety margin of about 8 inches every-

where.

It has been asked. What would be the effect of a train of

such engines standing upon the bridge ?

To show the effect of this by means of the chain model

would be simply to stick upon every rod throughout the

model one of the small brass weights used to represent the

load of the 5()-ton engine. The eifo<',t of this is to ])racti-

cally restore the original curvature of the " line of thrust,"

and to add a little to the horizontal thrust. Thus, putting it

into figures : The original radius of curvature of the " line

of thrust" at the crown was 110 feet, and this was sharpened

to 104 feet by the 50-ton engine, while the rest of the chain

was flattened. This fact proved simply that, as compared

with the original lino of thrust, the proportion of the vertical

load to the horizontal thrust had been increased at the

crown and diminished elsewhere ;
but now, by the addition

of the increased weight to every rod all along tlio model,

we have practically restored that proportion, and there is

now left only the increased horizontal thrust to be taken
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into account. This would thoroforo make tlio total load at

the crown 9-32 cwt. on the square foot ; and this multiplied

by the radius, 110 feet, would give 51-26 tons on the foot in

width of the arch, rendering necessary a thickness of 17-1

inches—that is, an additional thickness of 4-3 inches ;
but,

as the original curvature would have been restored, this

takes ofi" the dejlection of the " line of thrust " before alluded

to,—a loss trying load than that of the single engine,—i/m

tries the oquilihratum of the arch, the other only the crushing

strength of its materials.

Before we leave this question of general remarks on the

" line of thrust " it may be well to consider the general

stability of arches, whether built of the true curvature or

not, from another point of view ; namely, that of what may

be called the destructive load.

Let us suppose that, for experimental purposes, we are

going to load a woU-built arch until wo break it down
;
and

let us further suppose that, with this object in view, we

pile up the load continually upon the crown of the arch

until we attain that result ; the arch having been built, wo

suppose, to carry safely a given load, and loaded up to that

extent before wo begin to add gradually the destructive

load. Wo may have drawn beforehand the lines which we

Iiavo called the necessary thickness ; and as each increment

to the load is added, we may add also to the curvature and

thickness of this necessary arch the theoretical amounts duo

to the loads just imposed, which, being on the crown, will

keep on raising and sharpening the curvature of the lino of

thrust, as has boon described in the former case, until at

last the curvature gets outside the lines of the arch. Wo
then, in accordance with our theory, expect that tho arch

will fall from dislocation or want of balance, and not from

the crushing of the materials, because tho additional loads
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have all been added on the crown. But it must be re-

collected, that although our equilibrated line of thrust

may have been correctly drawn, the arch will not yet

give way unless wo have at the same time drawn it in the

strongest equilibrated form that the arch as constructed will

admit of.

Lot us now take a glanco at the question of fancy arches
;

that is, of archoa built in some fanciful form in order to

please the eye, but not in the truly equilibrated form.

Take first the flat Gothic (see plate XVII.). If an arch

of this sort is to stand, we must first draw the strongest

equilibrated arch we can got into the pattern, and having

made it of the necessary thickness to carry the 8uporimi)osed

load, with a fair margin of safety, we can add both above

and below this such additional thicknesses as we wish in

order to give the Gothic form to the structure. In the

sketch the dotted lines show the real arch that bears the

load, and the full lines the pieces added to givo tho

required form. These last merely signify so much moro

load when added underneath, but the "lino of thrust"

still passes along the dotted arch.

In the semicircle tho equilibrated arch under a horizontal

load-line would pass into the abutments much above tho

nominal springing, and tho " line of thrust " would then

leave the apparent arch and i)ass into the backing. Tho

angular ])iocos put in to complete the circular form would

be merely suspended from the real arch above; but the

bedding of the arch stones should bo square to tho " lino of

thrust " and not to the circle.

The platband, properly constructed, contains the true

arch principle. Let us su])pose we wish to make a drawing

for tho best form of platband, havuig a span of 6 feet and a

hoiglit of 2 feet (see plate XVII.). AB is 2 feet and DE
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fi feet. Divide AB into eleven equal partg, and call the

sixth from A, P; thus AP = -^iV and PB = tt of AB. Then
describe the arc of a circle passing through tlie points

D, P, E, having its centre in C. Also from the same centre

describe a parallel arc passing through A. Then the space

inclosed between the two arcs will be the strongest arch

that can be made within the limits of the platband, and all

the joints of the masonry or brickwork should be made to

radiate from the centre C* The true arch lies between the

circular arcs; the prolongation of the arch-stones below
that lino are merely suspensions from tho real arch above,

and do not add in any way to its strength.

Let us now proceed to the consideration of tho strength of

the materials of which the arch has to bo built; namely,

stone or brick and cement.

On first thought, it would be supposed that a good build-

ing stone would bo the strongest and best material for arch

building
;
but tho determination of this question is usually

very much influenced by that of cost. If in building an arch

all the stones wore dressed to the true wedge form from
front to back, and then fully bedded IhrougJumt in cement, a

good stone would undoubtedly form the best arch; but,

practically, this cannot be done, for two reasons: Firstly, no
one will go to tho expense of using fully-dressed stones all

through the arch ; they will dress the stones on tlio face of

the arch from front to back for the sake of appearances, but
the middle parts of the arch, which really have to bear the

load, are usually filled with rough hacking, and are only

faced with dressed stone. The main body of tho stone arch

is therefore a mere face of dressed stones backed up with

The circular arc, in so small a segment, represents tho efiuilibratcd
curve as nearly as is practicable.
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rough stonowoi-k and a mncli larger proportion of mortar
;

but the mortar is much tho weaker material of the two.

Perronot, indeed, who built in Paris, about the end of tho

last century, some of the most bold and beautiful bridges

yet constructed, did dreas his stones for tho full thickness

of tho arch from front to back all through; for he had

access to splendid stone quarries, and had the State for his

paymaster. Prom his drawings it can bo soon that he

commonly used stones 5 feot long, 4 feet deep (the thick-

ness of his arch), and over a foot in thickness, in the middle

parts of liis arch. But now comes tlie second renson, you

cannot led these large stones throughout in mortar or cement.

The usual way of sotting these large blocks of stone is by
slinging them over the spot from a crane, spreading the

mortar with a trowel as evenly as you can on the proposed

bod, and then letting the stone down into its place
; but the

stone cannot be thoroughly bedded in this way— it bears

hard in places, but does not touch in others, as may be

proved experimentally if the stono be raised again a day or

two after, when tho places whore it did not touch will bo-

come apparent. It is in fact a most difficult operation, to

thoroughly and completely bed a large block of stone, and
m such a case as this, with highly inclined beds, practically

impossible. Engineers of the greatest experience say that

it is impossible to bed a large block of stone with a trowel.

Now, considering that the best cement will not bear a

crushing weight of more than two tons on the square inch,

while the best class of stones will bear double that weight,

it is clear that the cement is the weakest part of tho arch,

and that consequently it is of the greatest importance that

it should have a complete and thorough bearing.

On the other hand, let us see how it is with brickwork.

In discussing the comparative strength of a brick arch, it
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must bo premised that the arch is supposed to bo built

with a perfect vertical bond, and not in rings, as has boon

too commonly and unscientifically practised.

Now, a good and thoroughly well-burnt brindle or vitrified

brick is as strong as any stone, and will boar a crushing

weight of four or five tons on the square inch ; therefore,

with this material also, the cement will be the weakest

part of the arch, and therefore the limit of strength. But

tho advantage of the brick is, that it is handy, and can be

thoroughly bedded, quickly and without difiiculty, in tho

cement. This gives tho weaker material, the cement, a/w/i-

hedded bearing, and for that reason makes brickwork suj)erior

to stonework in building an arch which has to carry groat

pressure, even if the stones are dressed to the full thickness

of the arch as done by Perronet.

Thus good brickwork forma tho strongest arch, as it is

also by very far the choapc-st.

In a properly constructed arch such as has been described,

let us consider for a moment the limit of span.

I have said, on a former occasion, " I think that engineers

have been very bold in ironwork and very timid in brick-

work."

The ironwork is considered safe under a load equal to a

quarter of its breaking strain ; but brickwork is supposed to

be safe only under an eighth of its crushing weight. This

small limit to the safe strength of brickwork has probably

arisen from the false construction of the brickwork. I have

known several bridges to fall down from tho dislocation

arising from false construction, but never in any caso from

the crushing of the materials ; for when the arches alluded

to fell, the bricks were as sound as on the day when they

were put in.

Comparing the two rules of safe load just mentioned, it is
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known that with an iron beam, if a heavy load, though well

within its strength, is continually put upon it and taken off

again time after time, tJie breaking strength of that beam

becomes less and less ; but in the case of a mass of brick-

work, if a similar load is put on and taken off ever so many

times, the brickwork will become no weaker, for there can

have been no disarrangement of its particles either by de-

flection or from any other cause. It would therefore appear

that the safe load might be taken nearer to the destructive

limit in m-aterials that have to bear a simple crushing

weight than in an iron beam which 1ms to sustain a movable

deflecting load, which causes the iron to bend, and which

must, therefore, disarrange the particles every time. But

taking the safe load as only an eighth of the crushing load

on cement, or 6 cwt. on the square inch, and taking the

model arch before mentioned as our example, it may be re-

membered that we found that an arch 15 inches thick at the

springing and 12;} at the crown, was suflicient for a span of

85 feet with a rise of one-eighth of the span. As all the loads

and thrusts in such an arch are in direct proportion, if each

dimension in the model arch were multiplied by four, we

should have a span of 340 feet, with a rise of 42 foot, and

a necessary arch thickness of 6 feet. This 5 feet thick-

ness of arch would also of itself leave a sufficient margin of

saioty for the moving load, because 5 feet is only the neces-

sary thickness at the qyringimj, while that at the crown

would be nine inches less. This at once forms a 9-inch

margin of safety at the crown, where the moving load, it

will be remembered, had the greatest effect, causing in that

case a deflection there of 2| inches, the deflection being

at the springing, and gradually increasing to 2-G7 at the

crown. Now the total weight of that bridge was 8,350

tons; but one of 340 feet s]>an would have a weight of
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100,000 tons, and the 50-ton engine passing over it wonld

have a very slight effect on so heavy a structure. The

deflection at the centre would be less th.an half an inch,

therefore the nine inches of margin would bo ample.

With an arch 6 feet in thickness, the span might be 400

feet. These figures are calctilatod on the assumption that

the safe load on brickwork is limited to one-eighth of the

crushing weight on cement. If what is considered the

safe load should be extended to one-quarter of the crushing

weight, as is done in the case of iron, then the same thick-

nesses of arch given above would bo sufficient for twice the

span mentioned.

The chief argument against groat spans lies in the cost of

the centering. But a complete centering from springing to

springing would be very seldom wanted ; it is generally

quite easy to divide the support of the centering into a

number of sections—the more the better within certain

limits. Not only for saving the groat cost, but also because

if the span is a wide one the centering must be framed to-

gether with timbers of moderate length.—Now, when it is

recollected that this centering has to bear the weight of the

whole arch without shrinking (for if any shrinking occurs

the curvature of the arch must be immediately impaired),

how can wo expect that the struts in a self-supported,

framed centering will not bo driven further into their

housings, and all the joints throughout the centering closer

together by the imposition of this enormous load upon

centres that have not boon loaded before? It would

therefore be better to have a lino of props at every

20 feet if a good base can be got for them. It would

save the large cost of a framed centering, and we should

have one that could not sink under tho load. Centering

with a number of intermediate siipports would therefore
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be far bettor, as well as much loss costly, for arches of

wide span.

The vortical bond in a brick arch I have usually formed

in the following manner : Referring, for example, to a tunnel

arch of 13 foot radius and 1\ bricks in thickness, as shown

in the sketch, two special or radial bricks are required,

marked S 1 and S 2 on the sketch, in combination with

ordinary bricks, which we will take to be 9 inches long,

4^ inches broad, and 3 inches thick, with half-inch joints of

mortar. The size of S 1 would

be Oinclies long, G inches broad,

and tapering in thickness from

2 inches at the lower end to 2|

at tho top; that of S 2 being D

inches long, 5 inches broad, and

tapering in thickness from 2|

to 3 inches at top. These

special bricks would be of the

same cubical contents as the

ordinary bricks, and could be

made in largo quantities for

hvo shillings a thousand extra.

Referring once more to the

sketch, it may be observed

how the bricks are laid form-

ing a full half-brick vertical

bond, the mixture of common
and special bricks shown in

two courses of the sketch making together one block of

the brickwork (two such blocks are shown in the sketch)

exactly fitting the curvature of the arch, six common
bricks being used to every four specials ; and as a

thousand bricks will make three yards of brickwork, the
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additional cost would only lie eiglitponco a yard over the

whole arch. The fact of the special bricks being made of

different breadths from the ordinary bricks is useful in

order to break the horizontal joints, and it besides enables

the men readily to distinguish them ; they call them the

5-inoh and 6-inch bricks, and cannot make any mistake in

using them.

But in flat arches, like that shown in the model, special

bricks are not wanted in order to form the vertical bond,

for the tapering of each course can then be formed in the

cement. In the model bridge, for example, the tapering on

the whole thickness of the arch, 27 inches, amounts to no

more than an eighth of an inch, which may bo managed by

making the joint a sixteenth of an inch closer, on the center-

ing, and the same amount wider at the back.

In actual practice I have never found that special bricks

are needed in an arch which has a curvature of 30 feet or

more in radius.

Before leaving the subject of brick arches, it will be as

well to say a few words as to arches built in rings of brick-

work. This system, which has been so common in this

country (though not now used abroad), has been adopted

no doubt in order to make use of nothing but commmi bricks.

The origin of this system may have been, that before the

Excise duty on bricks was abolished there was great diffi-

culty put in the way of making any other than common

bricks ; for large or special bricks were forbidden by the

Excise ; but now there is no such difRculty, and there is

consequently no excuse for using them whore taper bricks

would do better.

In a ring-built arch each ring is a soyiaralo 4| inch arch,

and the entire arch is made up of so many distinct 4| inch

arches built one over the other. This is practically proved
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the momont there is anj sottlemont in tlio arch or its abut-

ments ; the rings part company immediately, and nothing but

friction keeps the arch up—the real arcli principle is gone.

Then again, when the curve of the arch varies at all from

the equilibrated curve explained above, if the natural line

of thrust passes from one ring into the next, the arch would

fall at once if friction did not prevent it. In arches of

small span it does not so much matter, but in arches of largo

span it is fatal. Arches of wide span cannot be built with

safety in rings: for example, referring to the model, the

natural line of thrust must then pass round through each

single 4|- inch arch ; but if that arch were built in the form

of a circular arc, the line of thrust would, as has been stated,

leave the ring courses for a distance of six inches, and the

line of thrust would pass from one 4.| inch arch into its

neighbour ; and under the great thrust due to a wide span

the rings would slide upon one another, the haunches would

rise, and the crown would droop until the arch fell. Even

if built upon the true equilibrated curve, its stability would

be very precarious, so slight a margin being left for any

little settlement or other accidental defect.

The almost universal adoption of the ring system of

buihiing arches, together with the use of unscientific curva-

ture in the form of the arch, with the consequent sottlemont

or failure of many of them, may prob.ably account for the

timidity of engineers in adopting brick arches of wide span.

A serai-circular arch under a horizontal roadway is always

wrong ; the natural line of thrust must always pass out of

the arch into the backing, and if the arch stands, it is by

friction only and by the good quality of the backing which

has to sustain the heaviest part of the thrust.

That friction is a great power there is no doubt, as is

proved by many instances, a few of which will be mentioned
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presentljr. But it is neither scientific nor safe to trust to it,

particularly in arches of wide span, in which the thrust iS

great and in direct proportion to the radius of curvature.

At the same time, when an arch is truly built and with

sufficient abutments, the flatter the arch is, the stronger it

will be and the less likely to be disturbed, so long as the

thrust is well within the strength of the materials.

A "skew" arch has always to depend largely upon

friction ; and it is doubtful whether there is any advantage

obtained in building thorn in what are called "spiral"

courses. Nature does not altogether accept the " skew,"

but the thrust always comes heaviest upon the obtuse

corners, as is proved by the constant tendency of the acute,

long corners, to droop ; and if two skew arches spring from

a centre pier, they will have a tendency to twist the pier

round nearer to the square.

The finest proof of the power of fridiou that I have met

with, is shown by a small drawing recently made of a small

bridge over the Stroudwater Canal, built about the begin-

ning of this century. At the time, in 1844, when I was

looking after the construction of the Stroud Valley Railway,

which passes near it, I used often to stop and gaze with

wonder upon this arch—wonder that it should still be

standing. The arch was, when built, of 24 feet span and

4^ feet rise (the dotted black line shows the original

form) with an arch-thickness of 9 inches
;

but, note here,

it was built with headers; forming a vortical bond, and that

chiefly gave it the strength to be still standing. It was

built under a steeply-sloping roadway, and under this load

the arch was very far from being in equilibration ;
the

heavier hauncli shoved up the lighter, and the arch must,

by degrees, have assumed its present form, for it has not al-

tered during the last fifty years. On the drawing (page 126)
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may be observed a dotted line showing the natural line of

thrust, under the inclined roadway, which passes most

nearly to the present arch—it will be seen that this line

of thrust passes oompletely and largely outside the arch in

two places ; it is certain that the line of thrust must follow

some such curve, and therefore that it goes for a long

distance through the earth filling on the top of the brick

arch, and that this earth has been jammed together so

tightly that it forms that portion of the arch of itself ; that

it then passes into the brickwork of the arch again, and

then again that it passes out of the brickwork onco more

into the earth backing at the point of greatest thrust-

namely, the lower springing, the earth backing forming

that abutment of the bridge. It may bo added, that where

the old arch at one part had become nearly a straight line,

an iron plate has been added underneath, to keep the bricks

from tumbling out, proving that there was no thrust in that

part of the arch itself. The Canal Company is very poor, or

they would probably have rebuilt the arch ; but it is worth

preserving as a great curiosity.

Under a sloping roadway an arch ought to be built with a

corresponding variation of the curvature, as shown in the

drawing of a bridge (page 12G) which I designed and built

at that time over the railway a few miles higher up the

valley. The roadline there is steeper than 1 in 3, and a

square arch would certainly have fallen. The span is 50

feet, and the crown thickaess 4 feet; but one abutment is

12 foot higher tlian the other. The bridge is built of Jiisley

cammon stone, and is in the truly equilibrated form.

It may have been observed how very unsightly a square

arch always looks under a sloping roadway.

A word more about friction. In Molesworth's well-known

Engineers' Fochet-hoolt, rules are given for determining the
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necessary thickness of an abutment to carry the thrust of

any given arch. There, abutments are supposed to be built

of the required thickness according to the height, in ordi-

nary brickwork or masonry; the mass of the abutment

being sufficient to bear the thrust of the arch. The con-

sequence is, that the arch is always shoving at the abut-

ments, and there is nothing but the friction of the courses

to resist this action, with the result that where there is

much jar from heavy waggons passing along a street along-

side, such arches frequently settle and open at the joints

more or loss in the course of time. An instance may be

observed in tho fa^iade of the old station front built at

Temple Meads by Brunei years ago. It may be recollected

that an entrance and an exit archway were built at either

end of the facade—one under the clock which used to be

there, and the other, which has recently been pulled down

by the Tramway Company. Now these arches were only of

thirteen feet span and all the masonry was splendidly built

—a full thickness of abutment, according to rule, being

allowed to both arches; but I had noticed for years that

openings and settlements in tho joints of both of those

arches had taken place (tho worst being in that on the

tramway side). These settlements were caused gradually

by the jar of tho passing wagons on the street pitching.

Those on the clock side have been pointed over on the front

fafade, and aro somewhat hidden, but at the back they are

more visible. Now we can tell precisely the amount of

horizontal thrust of these arches against tho abutments

;

and if the abutments had been built with a certain amount

of countervailing hatter which was also loaded on the top,

thon one thrust might have been made to balance the other,

and there could have been no settlement of that sort. This

battering wall need not appear on the outside, for it may
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there have been faced with horizontal conrscs of masonry.

This is not a glaring instance, but I have selected it as

being near home.

Maidenhead Bridge.—The last of the drawings (not repro-

duced here) shows an elevation of this bridge, which was

built over the Thames, for the Great Western Eailway

Company, by Brunei. The two river arches have each a

span of 128 feet, with a riso of about ono-eighth of the span

and a crown thickness of 6 feet. The bridge is built of

brickwork, and the arches in rings of brickwork.

It is a beautiful bridge, and is chiefly remarkable for the

last-mentionod fact, which makes it of interest in this

paper.

The drawing underneath is that of a bridge as nearly

similar as possible, but built with equilibrated arches. It

is remarkable that the curvature of the arches is the same

in both bridges along two-thirds of the span ;
the old arches

only depart from the tnio curve when within 22 feet of the

springing, from which point they are turned downwards so

as to give them an elliptical appearance. The actual line

of thrust, however, always follows the direction of the truly

equilibrated curve, shown in the drawing below.

This is probably the boldest bridge ever built in rings of

brickwork. Had not all the central portion of the arches

been in the true form of curvature, and had not the parts

near the springing; where the true curvature was not fol-

lowed, been made immensely thick and solid, so that the

natural line of thrust could pass out of the arch into the

solid mass of brickwork n,t the back, it could not have

stood. This, however, involved the employment of a large

quantity of additional brickwork, not otherwise needed, and

the work was, after all, not so strong as the truly-formed

arch would have been without this additional brickwork.
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The bridge had, in fact, to trust largely to friction at the

haunches, where the "line of thrust" passed from ring to

ring and, eventually, out of the arch into the backing.

If this arch had been built in the true form, the necessary

thickness (as before described) would have been throe

bricks, and if a fourth were added as a margin of safety,

the arch would have been four bricks, or three feet thick all

round; but, as built, the arch is 5 feet 3 inches at the

crown, and from that point getting gradually thicker till it

is 7 foot 9 inches at the two-thirds point before alluded to,

and it then springs from a block of brickwork 20 feet thick,

with an immense basis carried down to the chalk 16 feet

below the surface of the ground.

Notwithstanding this strength of work, the arch followed

the centres the first time they were eased, and a good

portion had to be rebuilt, so that there was a great doubt

in the public mind if the bridge ivoitld stand, until the

question was set at rest by the centres (which had been

slacked for some time) being all blown into the Thames by

a heavy gale of wind.

The great fault in the construction of this bridge was, with-

out doubt, the building of the arch in riwjs of brickwork-

it would otherwise have been more than amply strong.

Alluding once more to economy and strengtli in centering,

this bridge forms a good example of what has been said

before on this subject. It would be absurd to erect entire

self-supporting centres for these arches. The necessary

opening for the passage of boats is very small, as shown

by the small arches in the road bridge just above ; and it

would make bettor, as well as cheaper, centering to have it

supported from several rows of piles in each case, for the

reasons exi)lained above.

In conclusion, I may say that I think Brickwork has not
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had its fair chance in comparison with Ironwork, par^

ticularly of late, as a material for bridge-building in general

—from ordinary road bridges up to arches of a large span

in suitable situations. Brickwork, if used with taste and

correctly applied, will be found to excel Ironwork largely

in strength, durability, and economy, as well as in outward

appearance.
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IN diooHing for my subject "The Sotting of Steam Boilers,"

I am not laying claim to any special knowledge of the

Bxibject, more than is possessed by many others here, who,

doubtless, have had more experience in and studied the sub-

ject more than I have done.

At the same time, it is a subject which Engineers have not

paid so much attention to as they might have done, perhaps

through no fault of their own, but partly because it is

thought to belong more to the province of the bricklayer

and mason, and partly because the boiler user may have

ideas of his own on the matter, and is afraid the Engineer

will reap a small profit for himself, should it pass through

his hands.

In my opinion, it is almost as important to a steam user

that his boiler should be well not, as that the boiler itself

should be a good one ;
and I am sure it would be to his

advantage to employ a competent Engineer, not only to

inspect his boiler, but to design the setting and see to its

being carried out in a proper manner.

Now, the most natural inquiry at the outset is, What is

133
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the object of the setting of a boiler, and what are tho con-

ditions under which that object is best attained? Tlie

object is, to bring the flame and heated products, generated

in the furnace, in contact with tho surface of the boiler ; and

it is best attained—(1) when the greatest amount of surface

is exposed to the flame
; (2) when the greatest amount of

exposed surface is horizontal, or in the most favourable

direction for the flame to impinge upon it
; (3) when the

passage of the gases through the flues is least impeded by

contracted area or by obstructions in them ; and (4) when

tho gases can be kept in contact with the surface long

enough to part with all or practically all their heat without

checking the draught into the furnace.

Keeping these points in mind, I will now notice the most

usual forms of setting in vogue, as applied to the two types

of land boilers almost universally used—the Lancashire and

the Cornish types. I may dismiss the Egg-end boiler as

almost obsolete, except in tho case of rolling mills, where

it is heated by the Waste heat from tho puddling furnaces,

and in the case of collieries, where coal is so plentiful that

it matters little what kind of setting is adopted.

The most usual forms of sotting arc but two—the q)lit

draught and the wheel draught.

Eegarding these critically, to find out their weak points,

as it is the Engineer's business to do, you will notice the

draught is split either at the back to traverse the side flues,

or, as is most usual, it traverses the bottom first, is split at

the front, and returns by the side flues. The latter is

perhaps tho one to be preferred, as tho bottom or horizontal

part of the boiler is exposed to the gases at the time when

they are hottest, and the circulation of the water is increased

by the more rapid generation of steam from the bottom.

But seeing that the gases will, by natural law, always take
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the shortest cut to the chimney, it is necessary, in this case,

to unite the side flues into one, in order that both may he

utilized. If there is not length for this, it is better to take

the draught the other way, namely, split it at the back and

return it under the bottom, by which arrangement the

side flues will pull equally.

But whichever way it is done, the splitting of the draught

at all is an objection, as I shall show later on. Another

objection to this form of setting is, that tlie boiler rests on

two brick walls. A certain portion of the surface is thus

rendered useless, and this in the best position, while any

leakage from the top, or damp from the ground, may be

caught by these walls, and unseen corrosion may go on.

But the chief objection lies in the smallness of area in

the flues. It is impossible to get a good draught, and there-

fore good coudjustlon, when the flues are small. The gases

are so retarded by friction and want of space for expansion,

that the entrance of air into the furnace is chocked and the

fire burns dead. To remedy this, a huge chimney has to be

huilt, much higher than is at all necessary, in order to pull

the gases through; the result of which is, they have not

time to part with their heat in their passage through tlie

flues, and a largo portion of it escapes up the chimney. In

addition to this, a largo deposit of soot always takes place m
these small flues, which coats the surface of the boiler and

still further reduces the area and impedes the draught.

Inspection is rendered difficult, as some of us, who have had

to worm and screw ourselves through the flues of a small or

medium sized boiler, know by sad experience ;
and it will no

doubt be admitted that in such cases the inspection is only

half done, and the boiler is worked at great risk.

Referring now to the other form of setting, viz., the

wheel draught. I do not find these objections existing, at



136 ON THE SETTING OP STEAM BOILERS.

any rate to the same extent. The first, splitting the draught,

or the unequal pull, is entirely done away with, as the gases

have an uninterrupted passage from one side to the other

and to the chimney. The side flues aro a little larger, and

inspection is easier. The chief objection to this type of

sotting, which has usually been sufficient to condemn it, is

that the boiler is set upon a centre wall, or midfeather as

it is called ; and corrosion may easily bo sot up, and go on

undiscovered.

In my opinion, the condemnation of this stylo of setting

(that is the wheel draught), on this account only, is most

unreasonable ; as it seems to me to be almost as bad to set

a boiler on two 4|-inch walls as on one 9-inch, especially

as the position of the two walls, being so nearly at the

bottom of the shell, is practically as bad for catching damp
and leakages as if they were quite at the bottom.

Not that I advocate the midfeather, as usually constructed,

on the contrary, I condemn it ; but I find that the wheel

draught lends itself most readily to a system of setting,

more perfect and free from objections than any I have yet

seen or hoard of (and which I will now proceed to describe)

—

a system that has proved itself in hundreds of instances

successful in the economical generation of steam, because it

is based on scientific principles and follows natural laws.

This is called "Livet's system," from having been in-

vented and perfected by M. Livet, a French gentleman

who has combined a thorough knowledge of the laws of

combustion, and those which govern gaseous fluids, with a

practical application of the same to the generation of steam.,

I am indebted to him for the drawings I have hero, and for

much of the information I am able to give you to-night.

[The author hero described the mode of setting fron)

diagrams, specially drawing attention to the fact that thg
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boiler is carried on iron stools, with a dividing wall only

toucliing and not supporting it, tlius securing all tlie advan-

tages of the wheel draught without its disadvantages.]

The principle adopted, is that of successive expanding

areas. When air or other fluid passes through an orifice

forming the inlet to a gradually expanding tube or funnel,

its velocity through the ori/lce will bo increased by reason

of its meeting witli loss resistance, and it will pass through

the tube with a constantly diminishing velocity, because of

the increase of area, which velocity will, of course, bo still

further diminished when the fluid is of such a nature as to

contract in its passage, because of its taking a longer time

to fill up the tube.

On this principle M. Livet constructs his flues. The

back combustion-chamber is larger in area than the flue tube

or tubes—the first side flue is also larger than the flue tubes,

the cross section of the front chamber is larger than the

first side flue, and the second side fluo is larger again than

the front chamber. Thus these several parts of the flues,

each being of larger area than its predecessor, make up a

continuously expanding whole, the proportions of each part

being carefully calculated according to the dimensions of the

boiler, the area of the grate, and the work to be done.

The retardation of the gases due to this cause of course

allows more time for the heat to pass into the water while

the initial velocity over the bridge, or the draught, is in-

tensified by the diminution of resistance to the gases in the

expanding flues.

These two results are of the greatest importance in

economical steam generation, and it is impossible to obtain

botli of them together in any other way. A quick draught

may be obtained by a tall chimney or by a forced blast, but

if the flues do not act in the way now indicated, the gases
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will be pulled or driven tlirougli them too quickly to allow

of tlioir parting with their heat, which will thus be wasted

up the chimney.

On the other hand, a slow movement of the gases through

the flues may bo obtained by partially closing the damper
;

but the result of this will only be to check the admission of

air to the furnace, and so spoil the combustion. This chok-

ing or snuffing-out process actually figured some years ago

in a report addressed to the Liverpool Corporation, as one of

the recommendations for the prevention of smoke !

Now, seeing we all recognise and. insist upon the necessity

of a good draught to ensure good combustion, it may help us

to realize this necessity bettor, if wo consider for a moment

what the process of combustion is, and how the draught

affects it.

Perfect combustion in a furnace (I use the word " perfect "

in a comparative, not absolute sense) requires a supply of

air amounting to aboiit oightoou times the volume of the

gases evolved, or, in other words, about 230 cubic feet of air

is required for every lb. of coal consumed ; and according to

the law of the expansion of gases, the products of com-

bustion are increased in the furnace to about three times

their original bulk. Hence the necessity for removing every

obstacle to the passing away of the products, in order that

the requisite quantity of air may be admitted.

Then, as to the process. According to Rankine, the carbon

of the fuel, which forms at least 80 per cent, of its weight,

passes during combustion into the gaseous state, combining

with the oxygen in the air to form two distinct gases, accord-

ing to the proportion in which the combination is effected.

When the combustion is perfect, 1 lb. of carbon will combine

with 2|- lbs. of oxygen, and form carbonic acid gas (CO2) ; the

quantity of heat produced by this combination being found
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by oxporiment to bo 14,600 thermal units.* (The thermal

unit is the quantity of heat that will raise 1 lb. of water 1°

at its greatest density, viz. a temperature of 39°.) When
the combustion is imperfect, because the supply of air is

insufficient, 1 lb. of carbon will combine with but 1.]- lb. of

oxygen, and form 2} lbs. carbonic oxido (CO); the quantity

of boat produced by this combination being 4,400 units only,

or equal to an evaporative power of but 4^ lbs. of water

(loss than one-third that of carbonic acid). When more air

is supplied after the formation of carbonic oxido, the 2} lbs.

of this gas combines with 1?,- lb. of oxygen and forms 3|lbs.

of carbonic acid, and produces heat units equal to the differ-

ence between those named—viz. 10,100, or 10} lbs. water.

Now the actual process going on in a furnace is this (and

for convenience of illustration I take lib. of carbon as repre-

senting all the fuel, and exclude the hydrogen and hydro-

carbons as the quantity is but small).

At first 1 lb. of solid carbon combines with its equivalent

2?, lbs. of oxygon, and makes 3J lbs. of carbonic acid gas,

producing 14,500 units of heat as stated.

lC-f-2|0 = 3iC02 = 14,500

When air can got freely to the carbon in sufficient

quantity, this is practically the whole of the process; but

when this is not the case, owing to the thickness of fuel on

the bars, the carbon becomes heated and expanded into gas

by the hot carbonic acid in the furnace, this latter gas

parting with one of its equivalents of oxygen to combine

with another pound of carbon. Thus wo have 3!|lbs. car-

bonic acid taking up an additional pound of carbon and

resolving the whole into 4,1 lbs. of carbonic oxide.

10 + 3| CO, = 4^ CO = 8800 units.

• Eqnal to an evaporative power of 15 lbs. of water from 212=.
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By this second combination tlie volume of the gas is

doubled and a large amount of heat is lost in the work of

expansion, the heat falls from 14,500 units for the first lb.

of carbon to the amount due to the imperfect combustion of

2 lbs. carbon, viz. 4,400 x 2 = 8,800, showing a loss of 5,700

units of sensible heat, besides the loss of 14,500 which

ought to have been obtained from the complete combustion

of the second pound of carbon. Should the furnace be ill

supplied with air and the process stop here, this is the

enormous waste constantly going on, to say nothing of the

loss due to the escape of a large quantity of unconsumed

carbon in the form of smoke.

If, however, air is plentiful, oven should this second

combination take place, the continuation of the process will

be this.

The 4§- lbs. of carbonic oxide, containing 2 lbs. of carbon,

will combine with 2«- lbs. oxygen and form TJf lbs. carbonic

acid, giving the additional heat duo to the combustion of

4:5 lbs. of carbonic oxide ; that is to say

—

4
;^
CO + 2

;^
= 7 .',CO2 = 20,200

to which, if wo add the lioat produced by the imperfect

combustion of 2 lbs. carbon, viz. 8,800, we obtain that due

to the complete combustion of 2 lbs. carbon, or

14,5fX)x 2 = 29,000.

These facts show the imi)ortaiico of getting a sufficient

supply of air into the furnace, seeing that by enabling each

pound of coal to combine with its proper 0(iuivalont of

oxygen, more than throe times the quantity of heat is gener-

ated than when the supply is limited ;
and of course the

evaporation is correspondingly rapid. But it must be borne

in mind that the supply of air may be overdone. Air is not

composed of oxygen only ; but three-fourths of it by weight

is nitrogen, an incombustible gas that passes unchanged as
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to its constitution tlirough the furnaco. This gas has to be

heated up to the temperature of the furnace by the com-

bustible gases ; and the difference between the temperature

of the escaping gases after passing the flues and the tem-

perature at which the air enters the furnace, shows the loss

of heat from this cause.

Assuming that air enters at G0° and escapes at G(XJ°, the

loss is 540°, which multiplied by 18, the weight required

for 1 lb. of coal, and by -23, the specific heat of air = 2,235

thermal units which have to be deducted from 14,500 =

12,265 units available for making steam. Two things thus

are seen to be important—(1) that the temperature of the

escaping gases should be as low as possible, and, (2) that

while a quick draught is essential to good combustion, there

should bo the means of regulating it, so that the tempera-

ture of the furnace should not be lowered by too great an

excess of air. Both of these conditions are obtained in the

setting before us.

1. The temperature of the escaping gases is found in all

cases whore the setting is properly done to be very little

more than the temperature of the water—namely, from 800°

to 400°, of which there is abundant and reliable evidence.

2. The damper, which is one of the features of this set-

ting, allows of very accurate regulation of the draught.

Opening back as it does in the direction of the flow of the

gasos, instead of vertically as ordinary dampers do, it

checks the rush of air into the furnace, without offering

unnecessary resistance to tlie gasos ;
and an intelligent fire-

man, having the handle close to his fire door, may regulate

the draught to the over-varying conditions of the furnaco.

Some men are found to be careful enough to partially close

the damper when the furnace door is open for firing, a

practice which, by preventing a rush of cold air into the
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flues, must be bonoficial both to tho gonoration of stoam and

tho duration of the boiler.

I come now to notice tlio experiments tliat have been

made from time to time to test the accuracy of the theo-

retical results with this improved setting, and (1) notice

those for ascertaining the composition of the products of

combiistion.

At Messrs. Tatos' sugar refineries in Liverpool it was

found that tho proportion was as follows :

—

Livet'8 System. Ordinary System.

Carbonic Acid Gas . 12-17 percent.

Oxygen Gas . . . 6-17 „

Carbonic Oxide Gas 0-23 „

Carbonic Acid Gas . 7'(')2 percent.

Oxygen Gas . . . 1100 „

Carbonic Oxide Gas 0-74 „

From which wo see that in Livet's setting tho carbonic

oxide was to the acid as 1 to 53, while in tlio ordinary

setting it was as 1 to 10 J,
Tho respective evaporization

of these boilers, which were of the ordinary Lancashire

typo, was as 8 to (Ji, a gain of nearly 25 per cent. This

shows that a much greater amount of heat was generated

in Livet's furnace ; and the pyrometer showed that in

the damper flue the temperature was under 6(J0°, while

before the boilers were reset it had been at tho same place

over 900°. In other cases, whore the firing was not so

intense as it always is in sugar refineries, the temperature

of the flue 50 ft. from the furnace has boon found to bo

300° and under—in fact, equal to the temperature of tho

water in the boiler. The obvious inference from this is, that

a very large amount of heat has passed into tho boiler, and

less waste has taken place from the absorption of heat by

the nitrogen of the air. And I am assured, as a matter of

fact, that the commercial results in all cases show, in in-
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crease of steaming power and reduction of fuel burnt, a

saving of 15 to 20 per cent.

Another series of exhaustive trials was made by Mr. D.

K. Clark, C.E. for the Smoke Abatement Committee, to tost

the evaporative values of different kinds of coal in a boiler

set on Livet's system, at the printing Avorks of Messrs. Clay

& Sons, London. These trials have been published, and

show that from Aberdare Rhondda coal an evaporation of

12j lbs. of water per lb. of coal was realized, the feed enter-

ing at 60°, the steam pressure being 61 lbs., and the tem-

perature of tho escaping products being 310°. From other

kinds of bituminous coal from 11 to 12 lbs. was obtained

during the three and a half months over which the trials

lasted. The greatest care was taken to prevent priming,

and tho steam was frequently tested, and always found

remarkably dry. Seeing that the utmost theoretical evapo-

rative efficiency of this Rhondda coal, when tested in a

laboratory, is about 15 lbs. of water, the above result may
be taken as a remarkable one, and, of course, was not

reached without very careful firing.

Comparative tests show a similar result. A large firm of

sugar boilers in China state, that in fourteen boilers, re-set

on Livet's system from the ordinary Lancasliire plan, their

consumption hay been reduced from 104 lbs. of good coal

per picul of sugar, to 78 lbs. of inferior coal, with an increase

in the productive capability of the factory of 33 per cent.

Another large firm with seventeen boilers, set on Livet's

system, out of 37, stato that they did ith more business in

a givfen time, and spent £2,000 less in fuel, than with the

old setting. Messrs. H. Tate & Sons, before referred to,

do tho same amount of work with nine boilers on Livet's

system, that they did before with ten similar boilers and a

largo economizer. I have myself, for more than two years,

M M
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had to do witli a Laiicashiro boiler, which I originally set

on this system. It is 2.5 ft. long, fi ft. G in. diam., 2 fines

each 2 ft. 6 in. diam., crossed hy galloway tubes. The pros-

sure is 60 to 05 lbs., and the ordinary duty obtained, witl.-

out forcing, from Somerset slack, in a compound engine

with no expansion valve and unjacketod, is 116 I.H.P. I

am quite sure this boiler would not give anything like such

a result if set in the ordinary way.

One other important advantage of the system is, that

economizers may be dispensed with. They present a great

obstacle in the way of the draught, and, to be of any use,

the temperature of the gases must be kejit very high in the

flue after leaving the boiler. In the Manchester Exhibi-

tion the feed-water was raised 18(J^ by an economizer, and

the temperature of the issuing g.ases was reduced 300° in

raising it. As they would not be likely to enter the

drimnoy at loss than 300°, they must have issued from

the boiler flues at not less than (JOO". It must bo, there-

fore, much better to get the heat direct into the water

first-hand, than to let it pass the boiler, and then put

in a most expensive arrangement of pipes, witli automatic

scrapers and driving shafts, etc., in order to collect and

ultilize that which ought never to have escaped. All such

contrivances require additional chimney height to i)vdl the

gases through, while with tlio largest boilers on livct's

system, a chimney of seventy feet in height is ample. Many

30 ft. boilers are working with the best results witli only

sixty feet chimneys. This is not one of tlio least of the

advantages claimed for this system, as many firms can testify

who have had sufficient confidence in M. Livet's assurances

to put them to the proof, and who have found it Avas just as

well to keep £500 or £1,000 in their baidi as to spend it upon

useless bricjks and mortar.
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The facility for inspootion wliicli is given is another im-

mense advantage of this system. I have alluded to the

difficulty there is in getting about in ordinary flues ; and M.
Livet has received letters of commendation from nearly all

the Boiler Insurance Companies' engineers, one of which

only I will quote. It is from the Cliief Engineer of the

Yorkshire Boiler Insurance Company, who says :
" Your

system is the very best on the score of inspection; the

present mode of setting does not give a chance of a proper

thorough inspection, except when attended with great diffi-

culty. I can only say, that if wishing could effect such a

change, I would at once have all the 3,000 boilers under

my care set upon your principle, and I am sure my staff

of inspectors would join me in this matter."

In the arrangement j^roposed no part of the boiler is

hidden from view ; and as the dividing wall does not in

any way suj)])ort the boiler, any of the half-round bricks

in contact with it may be removed at will. It is also found

that the shell plates remain cleaner than in the ordinary

setting. The grit is chiefly deposited in the chambers

at the back and front of the boiler, while, owing to the

perfect combustion of the coal, very little soot passes into

the flues ;
and not only are the plates cleaner, but smoke

almost entirely disappears.

I have thus dwelt somewhat at length upon the special

features and advantages of this form of setting, because I

have wished to show how important a part the flues may
and ought to be made to play in economical steam genera-

tion
; and I think I have shown that this setting fulfils

the four conditions, mentioned at the outset, by which the

object of l)oilor sotting is best attained. A legion of in-

ventors have aimed at making im^jrovenients in the furnace,

with more or less success; the form of hre-bar, the air
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spaces, tlio furnace door, the briclpje, tlio admission of air

above the fuel or behind the bridge, its exact regulation to

the requirements of the fuel, and many other such points,

have received their full amount of attention, and in some

cases have been regarded and proclaimed by their enthusi-

astic advocates as the best and only remedy for defective

steam generation. But, with this one exception, I am

not aware that any improvements of any consequence

have been made in the setting and flues of Cornish and

Ijancashire boilers since the day when the existing type

was first introduced ; and I shall bo glad if the reading of

this paper, to which you have been good enough to listen,

may serve to attract more attention to the proper propor-

tion and construction of the flues and chimneys, without

which other improvements, however good they may be, will

fall short of accomplishing that for which tlioy wore

designed.



^unmllin0 tljvnirgb barioiis (Strata.

By JOEL LEAN, Assoc. M. Inst. C.E.

Bead Dec. 20th, 1887.

TUNNELLING, at tlie prosout day, is cliiefly associated

ill tlie ininds of people in connection witli railway

construction ; but railway engineers cannot take to tliom-

solves tlio credit of even having developed the art of

tunnelling. When the first railways were built, the

engineers went in largely for tunnelling, for instanc3

Kilsby Tunnel, on the L. & N. W. Railway, Box Tunnel,

on the G.W. Railway, and various others, as sharp curves

and steep gradients in those days were not considered

workable by locomotive engines, and therefore the necessity

arose of going through, instead of over or around, the

hilly obstacles. But they had the help of the experience

gained in canal tunnelling, and most of the men employed

in tunnelling in those days had worked on the construction

of the old canal tunnels; and to the canal engineers must

be given the credit of being the real pioneers of tunnelling,

at any rate in recent times.

The autjior purposes giving examples of tunnels con-

structed through soft, or heavy ground, as it is called;
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medium ground, heing neither hard nor soft ; and hard

[

ground or rock.

'

I What is called soft ground is- by far the most difficult,

and requires tlie most care on the part of tlie constructors.

Under this head may be classed running sand, heavy clays

and faulty ground in the coal measures.

In tunnelling through very heavy ground, it is no doubt

undesirable to drive a bottom heading, owing to the difF.-

culty in supporting the ground and the very heavy timber-

ing required, it being necessary, in some strata, to close

pole the heading all round; and whore a heading has to

stand exposed to the air for any length of time, there

is a tendency in the ground to swell, and perhaps disturl)

the ground above, making it a very difficult and costly

matter to afterwards take out the lengths of full-sized

tunnel.

The author remembers a tunnel, with which ho was con-

nected afl.or the occurrence, which ran in to the surface,

letting in part of a farmyard and buildings, owing to the

constructors having lost their reckoning ; and in endeavour-

ing, by driving side headings, to find their wny to a shaft

which had been sunk on the centre line, and which they

failed to meet. This multiplicity of headings was the cause

of the mishap, owing to weakening the ground through too

many headings, and perhaps bad. timbering in addition. It

was extremely difficult to tunnel through this portion

afterwards ; the whole of the ground seemed full of timbers

of all sines, and we came upon headings in most extraor-

dinary places.

In cases where much water may be expected, a bottom

heading is no doubt very desirable, as it so completely

drains all the workings of the tunnel ;
but even in such

cases the author does not advocate it in such strata as
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heavy clays, which swell on exposure to tlio air, as tlio cost

of pumping is more than connterbalancod Ly the extra

weight of the ground and difficulty in timbering. The

safest and cheapest mode of tunnelling such ground is,

where the tunnel is too long for time to admit of working

from both ends only, to sink shafts, and then take out the

full-sized tunnel in suitable lengths, care being taken to

follow up as closely as possible with the brickwork or

masom-y lining, a sufficient length of top heading only being

driven to admit of the drawing of the crown bars. It may
be contended that, in some instances, it is n(it possible to

sink shafts, owing to the height of the hill (causing great

expjense), or from other causes. The author does not con-

sider, however, that such cases are often met witli, as, where

the height of the hill above the line of the tunnel is very

great, it is not often that such heavy ground as that to

which he refers is met with in any but short lengths, and

ho would then advocate the taking out, if possible, and

lining of the lengths of soft groiTnd, as they are met with in

driving the bottom heading, if materials for doing so can

by any means, without great expense, be bi'ought to the

place. Great trouble and expense would often bo saved

if this were done, especially througli faulty ground in the

coal measures, as, although these strata are not necessarily

bad tunnelling ground, and are often found to be very good,

fissures and faults are often met with of considerable

extent, filled with soft rubbish, which, when the heading is

first driven through, does not show any signs of difficulty,

but which, after exposure to the air for any length

of time, swells and makes a way for considerable bodies

of water, which may have lodged in some basin above, and

which the filling in the fissure is often able to retain when

undisturbed, but afterwards gives great trouble in taking
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out the full-sized tunnel. Tlie dryness or wetness of a

tunnel is often the result of the ground above being undis-

turbed or not, and lengths of tunnel which, when taken out,

have been perfectly dry, have afterwards been very wet

through water having found its way from above, through

cracks caused by the swelling of the ground, owing to care-

lessness in tunnelling.

A very important point, in taking out lengths of tunnel

in heavy ground, is to place the crown bars high enough

above the crown of the arch, as the bars invariably come

down somewhat, owing to the great weight compressing the

props and sending the footblocks, on which they stand, into

the soft ground below. When sufficient allowance is not

made for tliis, it generally necessitates what is termed

poling back, that is, removing the poling boards one or two

at a time, excavating the ground to a sufficient height, and

then replacing the boards. This often leads to a disturbance

of the ground, thus throwing additional weight on the tim-

bering; and where the ground has already swelled before

the poling back, it renders it a dangerous operation, and one

which has caused the collapse of many a length, especially

as it must be remembered that the whole weight of the

ground has to be supported by propping off the centres ; and

where those are not strong enough to bear it, thoy become

distorted, and distort the portion of the arch already turned.

It shoiild, therefore, be the first care in soft ground to have

the crown bars placed well up, not being afraid of their

being a little high, which is a good fault rather than other-

wise. The centres used should also be of ample strength,

and then the miners may consider themselves prepared for

any emergency.

In the coal measures, dangerous ground is often found

where thin beds of shale, coal and fireclay alternate. The
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coal is in most of tliese cases mucli thinner than eitlier the

shale or the clay ; and where thq strata is dipping at all

steeply, the shale and coal often slip off the fireclay,

especially where a spring of water occurs, making the clay

wet and slippery. Caution should be exercised in cases

where these occur, as the ground, when excavated, often

looks veT-y sound and strong, and, from appearance only,

would load one to think that it would stand without timber-

ing, especially in the sides of the tunnel; but narrow escapes

have often taken place from this cause, one or two of which

have come under the author's observation, and which he has

witnessed as a rather too near spectator. In ground of this

kind, the timbering should be carried at least below the

springing of the arch, and not, as is too often the case,

merely round the crown and haunches of the arch. The

ground which is referred to is more often met with in

tunnels through the coal measures, chiefly through thick

beds of Clift and Pennant rock, which require little or no

timbering, and, therefore, there is often a tendency to risk

a length or two of these beds with insufficient timbering.

There is no doubt that the reason of so many of the dis-

torted and sunken arches in many tunnels,—-and some of

them are very bad,—is owing to the want of a little

foresight, and to the careless way in which the timbering

has been done, very often by men of experience. You will

often find that practical miners, used to timbering heavy

ground, will over and over again make the same mistakes,

and will make the tunnel too large or too small in exactly

the same places, although admonished time after time.

Tunnels are nearly always taken out too small at the

crown, and too largo at the haunches, the direct opposite

of which would be the better way ;
but it is almost im-

possible to make miners alter their ways in this respect,
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One of the chief causes,— in fact,, almost, the only cause,— of

so many tunnel arches being flat at the crown, is from the

preceding reason. The tunnel has been taken out too small

at the crown, therefore a ring or two of brickwork is left

out, to pass the crown bars without going to the trouble and.

expense of poling back, thiis weakening the crown where

most of the weight occurs ; the spaces behind the brickwork

in the haunches are loft unfilled, and in a very short time

after the centres are struck, the arch takes the distorted

and dangerous form which is so often seen. Indeed, the

wonder is that so many of tlio tunnels, constructed when

the supervision was lax in former days, have stood like

they have. Experience is a grand thing, but it is not every-

thing, and often seems to confirm some men only in the old

rulo-of-thumb ways learnt in their yoiitli, and which it is

almost impossible to eradicate. What is wanted is more

intelligent supervision, and not merely rule of tJiumh.

A source of groat danger exists in tunnelling tlirnngh the

coal measures near collieries where the ground has been

undermined by the workings. Very often coal is prospected

for and headings driven which are afterwards abandoned,

and no record left of their position, or any ]dans of the

workings. So in tunnelling through the neigliboui'liood of

many abandoned coal mines, it is often impossible to tell

where to expect these old workings. And tliny may bo

met with at most unexpected times; and, being often

full of water, are often a source of great danger and

expense, in addition to the ground in their vicinity

having been disturbed by the rotting of the timber with

which they wore supported, or in many cases by the timber

having been withdrawn for other purposes, and the work-

ings loft to their fate. A short tunnel on tlio Penanr

Branch of the Great Western Railway, which was con-
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Structed a short time ago, althonrrli only about 220 yards in

lenf^th, was found to bo one mass of old workings, nearly

from end to end ; and what was expected to have been a

tunnel through sound Pennant rock, and of a very simple

nature in its construction, turned out a very expensive pioco

of work, and required the most careful and costly tunnelling.

In some places there were great holes, some 10 to 20 feet in

height above the top of the tunnel, filled with rubbish ; and

these holes had to be most carefully timbered, and closely

pac]<;ed with masonry or stone, owing to the ground having

been so disturbed in their neighbourhood by long exposure

and neglect. This nearly doubled the expected cost of the

tunnel. Those old workings were no doubt not entirely un-

known in the noighbom-hood ; and probably, if the engineers

had made inquiries, they might liavo formed some idea as

to their nature and extent ; and so, what was expected to

have been a simple little tunnel would not have turned out

a very troublesome and costly one ; but the extent of tho

difficulty would have been known from the first and arrange-

ments made accordingly. This shows tho necessity in the

coal measures, anywhere in the vicinity of collieries or old

workings, of first obtaining as thorough a knowledge as

possible of the position of these, so that they may be

avoided if possible; or, if this cannot bo done, that proper

precautions may be taken in the first place, and the exact

nature of the difficulty and the cost known without its

coming afterwards unexpectedly in the shape of a large bill

for extras from tlio contractor for tho undertaking.

Fortunately, owing to tho tunnel referred to being so

short, there were no shafts, and it was entirely worked by

bottom headings driven from both ends, so that the water

found blocked up in the old workings ran away by gravita-

tion
; otherwise, if it had been met with in shaft workings,



154 TUNNELLING TimOUOH VARIOUS STKATA.

it would havo nocossitatod a considorablo outlay in pumps, or

a delay of the works until the lioadings from tlio ends had

been driven of sufSciont length to tap the water ; but this

might easily havo occurred in a tunnel of greater length,

and would have been the more inexcusable, as it might havo

been avoided by a little care and foresight.

An instance of tlio collapse of a tunnel owing to being

undorniincd by colliery workings is the case of Ilirwain

Tunnel, near Merthyr, on the Great Western Railway.

This tunnel had for years given great trouble, and bricks

were constantly falling out of the crown of the arch, and

repairs were on the same scale diligently proceeded with,

until at last the tunnel entirely collapsed for a length of

about 100 yards, and completely stopped all traffic for the

space of about twelve months. It was' sujjposcd that the

bricks in the crown of the arch had crushed, and an inside

lining had boon in progress for a considerable timo, there

having boon ample room owing to the tunnel having boon

originally built for broad gauge.

The method adopted for making good the collapsed por-

tions was timbering down from the surface, taking out the

damaged work, and re-building with brickwork in cement.

The timbering required was very massive, and probably

amongst the most extensive of the kind that has ever been

carried out ; but it saved immensely in j)oint of time, be-

sides being able to thoroughly examine the damaged por-

tions, and rebuild in a stronger and more thorough manner

than could otherwise have been done.

The tunnel had been giving trouble for years ; but it was

not suspected that the colliery workings were the cause of

the mischief, and it was hardly thought that they extended

under the site of the tunnel. Afterwards surveys of the

workings in the vicinity wore obtained, and found to ex-
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tend vory considerably under the collapsed portion of tlio

tunnel.

This shows the nocossity, as was said before, when
tunnelling through colliery districts, of engineers making

themselves thoroughly acquainted with all the workings in

the district, so as, if possible, to avoid them or to take

precautionary measures for the future safety of the tunnel.

Railway Companies now usually purchase, if possible, the

mineral rights in colliery districts ; but it was not so

formerly, and hence the great trouble and expense they

have been ])ut to in many instances, not only with tunnels,

but also with open portions of their lines ; but, of course, in

no case is subsidence so disastrous as in that of tunnels.

About Wolverhampton, and through the black country,

the bridges are built purposely with the view of subsidence

taking place, and the girders rest on wedges which can from

time to time be tightened
;
and when the girders have been

lifted to the full extent of the wedges, the abutments can

be raised with brickwork or masonry as the case may be,

and the wedges again placed in position for future slight

raisings. Of course this cannot be done in the case of

tunnels, as they cannot be built on wedges ; and therefore

every precaution should be taken to secure their permanent

stability. The author believes that formerly in the black

country sudden depressions of the permanent way, of one or

two foot, would take place, which had to be instantly made

good with ballast in order to keep the traffic going
; but

whether such occur to the same extent now, he cannot say.

An instance of tunnelling tlirough the coal measures is

Swansea Tunnel on the South Wales Eailway of the Great

Western system. Brunei, who was the engineer, had at that

time a most unaccountable liking for flat-crowned arches in

his tunnels : and it is all the more unaccountable consider-
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ing his groat practical ability and acumen. This tunnel is

through a blue, sandy clay, very wet and very heavy. The

author remembers his father, who was an assistant of

Brunei's on that very work, saying that one niglit (Brunei

had the habit of turning up on the work at od'd times, and

unlike any other man) a messenger rode up to his house

l)ost haste, to say that Brunei was in the tunnel, and that

he had better come down at once. He hurried off' to the

tunnel, and, as the shortest way of getting down, slid down
the rope of the shaft. He found Brunei there, who made
a most thorough examination of the tunnel, as it had been

constantly reported to him that the arch was too flat. The

arch in many places was as flat as the ceiling of a room

at the crown, having settled tremendously. Brunei asked

what the author's father could suggest as a remedy, and ho

merely said. Give the arch a foot or two more rise. Brunei,

who never, if ho could help it, altered his designs, said he

could not hear of it, and soon afterwards went away ; but a

day or two later down came an alteration of the drawing,

showing an arch with greater rise. Why Brunei should at

that time have taken a fancy to flat arches in tunnels, it is

impossible to say, as it is almost the only place whore they

are undoubtedly out of place, especially in heavy ground.

There are one or two more things unaccountable in Brunei,

such as his altering from the extreme of costly masonry,

as on the Bristol and Paddington Railway, to the very

roughest of random woi'k ; and in his later years he would

not have any dressing of the stone on jnost of his railway

bridges. Doubtless the latter served its jjurpose, but

still it was going from one extreme to the other ; and the

author has seen the extreme of bad masonry in some of

Brunei's later railway work ; but, doubtless, like most

groat men, he was not infallible. It was almost im-
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possible to got him to alter a design after the work was

once begun ; and if a bridge foil down, lie would build it

again in exactly the sanio way. Doubtless, he was often

right, as a bridge would often fail through bad work or the

design not having been properly carried out; but, still,

perhaps a Ultle more pliability would have corrected what

ajipoarod to his greatest admirers one of the chief faults

in his character.

The next portion of the author's subject ho pur])Osos deal-

ing with is, tunnelling through medium ground—that is,

ground which does not come under the head of being very

heavy, and requiring very heavy timbering, nor yet is it

any more fit to be classed as rock tunnelling. Such ground

as this would be chiefly through the bettor portions of the

coal measures, hard and compact sands, as are found in

the Oolitic formation, through the chalk, and, in fact, any

gi'ouiid which does not roqiuro a great amount of blasting,

or, on the other hand, heavy timbering. In such cases as

these, a bottom heading is, no doubt, the best form of begin-

ning operations, as these kinds of tunnels are not necessarily

free from water, and therefore the bottom heading is re-

quired for drainage purposes, if i'or no other. It is also

easier to form break-ups for the purpose of enlarging to tlio

fuU-sizod tunnel; and as the ground will in most cases stand

with little or no timber, it is the cheapest and most expedi-

tious mode of carryhig out the work ; and after the heading

is sufficiently advanced, any number of break-ups can be

formed, so as to expedite the work to the required degree.

To form a " break-up " is usually 'done by breaking down

over the roof of the heading, until sufficient space has been

made to erect a scaffolding, which then receives the dirt or

rock without blocking up the heading, and leaves it free for

the passage of wagons and materials from other parts of the
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tunnol, or from other break-ups. Tlio breaking down on to

staging can, where the ground will stand, then bo carried

forward for a long distance, without arching the lengths as

you go along, and saves a great deal of time. It is usual

for the ground to be broken down for about the width of

the heading right up to the top of tho tunnel, as ground

which would not stand if widened out at the sides, will

often stand in this way for any length of time, and it serves

to expedite the progress of the work. Walking along the

bottom heading whilst this work is in progress, a person

unacquainted with the work would think that nothing but

the heading had been done; and yet, at the same time, nearly

two-thirds of the tunnel excavation may have been com-

pleted, and, therefore, in measuring up work for payment

on account, a good practical knowledge is really required to

toll the real value of the work and to estimate its true value.

A few days afterwards, perhaps, the staging may bo taken

down, and then the real extent of the progress is visible,

and to any one not in tho secret, would seem magical, as

from the mere heading the tunnel would have boon suddenly

transformed into nearly its full size. It has often seemed

to the author that the remarks of tho uninitiated arc not

always so foolish as they appear, when one sometimes over-

hears them ; and that the apparent change from chaos to

perfect order must appear rather wonderful to those persons.

One method of tunnelling ground of this nature, is to take

out the whole arch of tho tunnel in tho manner before

mentioned, and then turn in brickwork or masonry, as the

case may bo. Afterwards, when tlio lower part of the

excavation is completed, underpinning the arch, and thus

completing the side walls ; but the autlior docs not like this

mode, as, although it is without doubt very expeditious, ho

docs not consider that the underpinning can be done so as
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to ensure the wall being as sound as if built up in the usual

way, and his own experience has led him to doubt that the

work is usually done in a proper manner without the closest

supervision, which it is very difficult to give in person, or

to be certain of obtaining it from others; and ho always feels

inclined to discourage any method of working which is diffi-

cult of supervision, and of the soundness of which there is

never any satisfactory conviction. An instance of a tunnel

being completed in a remarkably short space of time, is the

case of the Combe Down Tunnel, on the line between Bath

and Bournemouth, about two miles from Bath. This tunnel

is through sand of the Inferior Oolite, with beds of rock,

and underlying the Eullors Earth. The site of this tunnel

Was extremely well chosen, as it was nearly dry throughout

its entire length, and in constructing the tunnel it was

found that it lay between two large water basins, as in

places it appeared in the bottom and in others at the top of

the tunnel, and slight alterations were made in the gradient,

so as to avoid the water both at the top and bottom of the

tunnel. When this tunnel was first projected, it was thought

that it would, turn out to be unusually wot, as large streams

of water issue from the hill, on the Midford side of Coinljo

JJown especially, but at a much higher level than that of

the tunnel ; and it was considered likely that some of this

water might find its way into the tunnel.

The length of the tunnel is about 1,900 yards, and a

bottom heading was driven throughout its entire length,

from both ends, and the tunnel completed without the

aid of shafts, within eighteen months from the com-

mencement. The sand was of a liard and compact nature,

and would stand in most places with little or no tim-

bering, being easily excavated with a pick, and could, in

fact, be cut out with a penknife, although powder was

N N



160 TUNNELLING THUOUGH VARIOUS STK.VTA.

used, as it was found choapor to blow it ont in larf!;o masses.

A considorablo length of this tunnel was not lined, especi-

ally where a rock top was obtained, and very little had side-

walls. Whore lining was required, it was in nearly every

case only in the form of a flat fly arch springing off the rock

or hard sand-sides of the tunnel. In many instances as

much as 22 yards of heading per week was driven, by hand

labour, through this compact sand. The author considers

that there are not many instances of tunnels being com-

pleted in so short a time, as it must bo remembered that,

as was before stated, the tunnel was over 1,000 yards in

length, and constructed entirely without shafts, the only

shafts being at the ends of the tunnel, and sunk chiefly for

lowering materials into the tunnel without obstructing the

cuttings, no spoil being, in either case, wound up the shafts,

nor were they used in any way for driving the tunnel. Of

course it must also bo borne in mind that the ground through

which the tunnel was driven was unusually favourable, and

in very few instances would such favourable conditions be

likely to arise. If the author remembers correctly, the

tunnel was straight from the Bath end, and on a curve of

40 chains radius at the Midford end, the Bath end being

nearly level, and the Midford end for a considerable distance

on a gradient of 1 in 50.

It was, no doubt, an error to suppose that this tunnel

would turn out very wet on account of the large streams

of water issuing from the hill not far from its summit; and

it was overlooked that between the proposed tunnel and tho

water lay the Fullers Earth, which is in itself impervious

to water, and a great water-basin, from which, no doubt,,

the streams of water issued. Most water was met with in

the bottom of the tunnel, and hardly any from above; and

tho only water i'ound was in the rocky portions, the hard
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sand being almost uniformly dry tlironghont its wliolo ox-

tent. Although such a largo proportion of tlio tunnol was
left unlined, and passed by the Board of Trado Inspector in

that state, tho writer believes that since the lino was
opened, and especially since it has been worked as a joint

line of tho Midland and South Western Eailways, a large

portion of it has been lined ; before that was done, large

falls of sand occurred, and it was most unwise to leave such

a tunnel in a naked state, it being done, however, on the

score of economy, to which account, we fear, must be laid

many subsequent largo outlays on most of tho raihvays in

tho kingdom, many narrow escapes from serious accidents,

and probably many serious accidents themselves.

Tunnels should, whore possible, have a rising gradient

from both ends, with the apex somewhere near tlio centre,

as it so greatly assists the drainage and construction, and

where the tunnel is driven from the ends only, and much
Water is met with, the saving in pumping is very consider-

able. No doubt in many cases this cannot be done, especi-

ally whore a tunnel is situated on a gradient of any length

and steepness, but where the gradient is slight it can, in

most instances, be arranged so as to approach the centre of

the tunnol with a rise from both ends. In addition to tho

extra diifioulty and cost of constructing a long tunnel on a

single steep gradient, there is the disadvantage of having

to pass tho whole of the drainage water, from the cutting

at one end, through tho tunnel ; and where the cutting, as

m many places, is of any length, through wet ground, this

generally means a large body of water. It generally means,

also, a great saving in tho time of construction, where there

IS a gradient from both ends, however slight that gradient

may be ; as, however much trouble and expense may be spent

m pumping machinery, there is always great trouble anl
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delay in driving (lowii-liill, wliicli can iiovor bo satisfactorily

obviated. The autlior knows that it is at times practically

impossible to have a gradient both ways in a tunnel, but he

also knows that this is not always the case, and considers

that it should be done in all cases where reasonably pos-

sible. It is, doubtless, always possible, in constructing on

a down gradient, to run the tunnel as far as it will go with

a slight rise, or on the level; but this moans afterwards a

lot of underpinning, and, as was said before, ho always feels

inclined to discourage that mode of working, except in cases

where it is absolutely unavoidable.

Tho author now comes to the third portion of his subject,

viz., tiumelling through hard ground or rock. Although

under the two previous heads there might bo some amount

of rock to tunnel through, yet under tho namo of hard

ground tunnelling, is here meant groutid wliich cannot be

excavated without blasting, and such as would be met with

in tho MoiTiitaiu Tjimostono, Dcvonia.n, and chiefly amongst

the older formations. The usual way of beginning operations

woiild, no doubt, be in almost every instance by driving a

bottom heading; and, as a rule, tunnels through ground of

this nature rarely liave shafts, owing to the hardness of the

ground through which they would have to pass, and the

expense of sinking ; besides, in many cases, owing to their

great depth, tunnels of any length in such strata being

generally through hills of considerable height, and probably

inaccessible for shafts. The author considers it quite an open

question as to whether hand labour is not still tho cheapest

mode of drilling rock (although, of course, it cannot compare

with machine drills in point of speed) when the cost of

compressing the air, the wear and tear, and breakdowns, are

taken into consideration, especially for widening tho heading

to the full size of the tunnel. His experience is—that
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the loss of air owing to leakage in tlio portable tnbos, and

the constant damage and wear and tear to same, necessi-

tating also so many stoppages, more than counterbalances

any otlior advantages gained by their use, besides the often

reckless placing of the holes, and the unnecessary number

of them, both wasting labour and blasting powder. It

is not intended here to enter into any controversy as to

the relative merits of different kinds of drills, or of machine

and hand drilling, but merely as to the relative apparent

advantages, comparing time taken and the expense of dril-

ling. Time generally means money; and the cheapness of

hand labour may be more than counterbalanced by the loss

in time and the additional expense accruing from a work

being spread over a longer space of time. The author had

some experience a few years ago with the diamond drills

of the Diamond Rock-boring Company, who were the con-

tractors for a tunnel in South Wales. For heading driving

this is no doubt the quickest and most expensive system

of all, the amount of power required being very great, and

the loss in diamonds at times enormous, owing to their

tailing out of their sockets. This system is not suitable for

general boring, such as would bo required for enlarging to

the full size of the tunnel, owing to the cumbersome nature

of the machinery, and was not used for such in this case,

hut merely for driving the heading, which he does not

hesitate to say might have been driven for one-third or

probably one-half loss by hand labour. It is not intended

to disparage the diamond drill in its own particular pro-

vince of trial-boring, where it has no doubt done splendid

work, but merely to give an example of its use in an ordi-

nary tunnel heading. The machinery of the diamond, drill

IS very pretty. It consists of a small air oscillating engine

•attached to a standard, which is fixed on an iron trolly
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framo, tho diamonds being sot round tlio head of a Lollow

steel tube, which is revolved by the oscillating engine, and

thus cuts its way by sheer friction into the rock, the core

of which passes through tho hollow tube, coming out at the

end in a complete state, thus forming a perfect geological

section of the ground passed through, which is, of course,

of immense advantage in trial-boring for Artesian wells,

or similar purposes ; and it has no doubt done splendid work

in such cases, but is not adapted for heading driving. For

driving the heading referred to, a pair of drills were fixed

in the manner referred to on an iron trolly framo, and when

a suflRcient number of holes wore driven, the trolly was

run back on the ordinary rails of tho dirt wagons, out of the

way, until the holes were fired, when it would bo again

run into place for drilling. Owing to the amount of com-

plicated machinery, it was always necessary to have a

skilled fitter as foreman over the drilling ; and the cumber-

some machinery was nearly always in tho hands of fitters,

which soon rubs the gilt off of the speed whilst actually at

work. It is not intended to enter into any description of

tho different kinds of air drills, of which the name is

legion, although differing little in principle, and many im-

provements in which have been made since the diamond

drill first came out ; but the author thought that the fore-

going brief description would not be out of place,' as it is

not often met with in heading driving. The work done

in the tunnel referred to was largely through the Pennant

rock, and that of the liardest of its kind, although a con-

siderable portion lay through a hard kind of what was

called Clift, 18 yards per week being often driven tlirough

it, and 16 yards through tlie hard Pennant. A heading

through hard ground should be of ample size, within

reasonable limits, say not less then seven or eight feet
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square, as it is much choapor to drive a Loading of sufficient

dimensions tLan to have to widen afterwards. It is often

the case that tunnel lieadings, througli hard ground and

wlioro no timbering is required, are driven too small, under

the mistaken idea of its being economical, but it is not so,

as working in a cramped space, specially in rock, is always

disadvantageous, especially when proceeding to enlarge to

the full size of the tunnel; and when the advantages' of the

large heading, as well as the additional amount taken out

of the full size of the tunnel by it, are taken into account,

they more than balance the extra cost of driving the head-

ing of ample size. This, of course, must be taken to mean
of ample size only to leave room for proper working, as it

would not pay to take out the full size of the tunnel in the

shape of a heading, besides being a waste of time. It is

not always waste to expend a little more money on the

speed of tlio heading, as the faster the heading advances,

the more energy and scope is left for completing the tunnel,

and a slow heading always cramps the remainder of the

work; therefore increasing the speed of the heading-driving

is often money well spent, although the actual cost of the

heading may be enhanced. A point of considerable im-

portance in the economy of completing a tunnel through

hard ground, is to exercise care in the levels, so that little

or no bottoming up may be left, which is always a source

of groat trouble and annoyance. The author has often

knowrl headings of this kind driven in a careless way, not

from wrong levels having been used, but from the miners

not being properly looked after, and which generally entails

a lot of expense and trouble afterwards, which might easily

have been avoided. The same remarks refer in an equal

er even greater degree to keeping the heading as true as

possible to the centre lino. The author has often, when ho
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has remonstrated with the contractor or his mon on this

point, had the reply, " What does it matter, so long as the

heading is not outside the tunnel." It does matter ; as, if

you had a heading all on one side of the tunnel, when you

proceed to enlarge to the full size, it makes a very great

difference whether your heading be in the centre or not,

as you have all the hard driving on one side, and none on

the other, therefore, your heading is not the benefit it

should be, besides having to remove the excavated material

all over to one side to fill it into the wagons. The author

is indebted for much sound practical advice on these matters

to his father, whose experience in tunnelling has been very

great; and although they may appear trifling to some, yet

in these days of competition and cutting down of cost, they

are not to be lost sight of, and, taken together, make all the

difference in the economical construction of a tunnel.

In rock tunnels, it is often unnecessary to have side walls,

as the ground will generally stand well enough without,

although an arch is very seldom dispensed with nowadays,

although it was foi'merly done to a large extent. Where

arches only are adopted, they should have as small a rise

as is consistent with safety, so as to spring directly off of

the sides of the tunnel. It is very essential in these eases

to have arches of large radius, as they then do not bear any

downward weight on the sides of the tunnel, and are not

endangered by any after displacement if the sides should

at any time require facing up with brickwork or masonry,

which often happens in tunnels of this kind. It being

borne in mind that in rock the sides require, if any, mere

face walls, and which will not have to bear any direct

thrust, but only to keep any stray lumps which may become

loose from the vibration of passing trains. It is very

essential in all tunnels, but i)erhap3 more ]iarticularly so



TUNNELLING THROUGH VARIOUS STRATA. 167

in rock, where springs of water axe often met with issuing

from fissures, to leave weepholes a little above the level

of the rails, so as to preserve the walls from any pressure

which may arise from tlio accumulation of water behind

them ; and they also tend to keep them dry, and prevent the

general dampness which is so evident in many tunnels, and

thus help to preserve the materials with which the tunnel

is lined from decay, owing to the action of frost forming

ice on the wet portions. The writer has seen tunnels of

considerable length one mass of icicles from beginning to

end, and it is a mistake to suppose that frost acts on them

a short distance from the ends only.

Good drainage also keeps the rails dry, and free from that

general groasinoss which is the case in many tunnels, and,

where they are on steep gradients, materially retards the

tractive power of the engines.



Cnntiiumts |i[aiIiuii]T §ralics-

By AETHUR WHARTON METCALFE,

Assoc. M. Inst. C.E.

Head January lltji, 1888.

PART I.

THE groat interest taken in tlio aubject of railway brakes

by the public generally, and by engineers in particular,

and the favourable reception usually accorded to papers on

this subject, have encouraged the author to bring this paper

before the Engineering Section.

The early history of the railway brake is identical with

that of the brakes used on the vehicles om]>loyed on the

plateways and trainroads in colliery districts, and on the

lines which connected these with the ports from whence

the coal was shipped.

Some of what are considered the most recent and most

important improvements in railway brakeS can be traced to

these early brakes, among those are :

—

I. The use of cast-iron in brake blocks.

II. The distribution of the brake-pressure over a largo

surface, and the consequent reduction effected in the wear

and tear of brake blocks.

Those improvements are due to Mr. Le Caau, who patented

138
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them, and described them in a paper read before the Society

of Arts in 1801. This brake was applied to a common cart

running on rails. A description of it will be found in Mr.
M. Reynolds's work on Continuous Brakes.

In Le Caan's brake the brake blocks surround about half

the circumference of the wheel ; in the modern brake the

proportion of the circumference to be braked is equally

shared by two brake-blocks, between which the wheel is

gripped.

Very simple forms of brakes sufficed for the earliest

railway trains
; but with the growth and extension of the

railway system, improved means were required for the more

complete control of trains ; and as the usual speed and the

weight and number of trains to be managed increased

rapidly, and the demand thus became urgent, inventors

were stimulated to bring out many mechanisms for which
they claimed increased efficiency in arresting trains.

Railway engineers and many others connected with the

design and manufacture of rolling stock, when questioned

on the subject, say this has been their experience ; but it is

not until one has had occasion oneself to search the records

of railway bi-ako inventions that one realizes properly the

amount of ingenuity that has been devoted to designing

railway brakes, and the great number of inventions of which
It has been productive.

About 1875, the year when the Newark brake trials were

undertaken by the principal English railway companies at

the instigation of the J3oard of Trade, tlie stream of inven-

tions received a natural check ; not because inventive brains

were exhausted, but because the conditions a perfect brake

should satisfy had come to be more fully understood, and
the difficulty of designing a mechanism that would comply

With these conditions more perfectly realized. At the
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Newark brake trials, only those brakes wore tried which

were the result of long and extensive experimont on the

part of their inventors. These and other brakes will be

described later on.

The field of competing inventors was at this time only

occupied by those who had the time, money, as well as the

forethought, to carry out the long series of experiments on

a large scale necessary to bring sxich a mechanism as the

continuous brake to a high degree of efficiency and perfec-

tion, as it was from such experiments alone, conducted with

care and backed with capital, that a solution of the brake

question could be expected. By this species of natural

selection, the brakes of those inventors only who had fair

claims to show of having, in a groat measure, solved the

brake question were placed in competition at the Newark

trials.

It will bo necessary here briefly to consider the conditions

which must be adhered to in order that the traffic on a

railway where trains follow each other frequently and at

short intervals may bo safely and expeditiously managed,

and the punctuality of the trains ensured.

Prom a consideration of these conditions it will be possible

to deduce the qualities which a continuous brake should

possess in an essential degree, if it is to bo .suitable for the

exigencies of modern railwaj' traffic.

CONDITIONS CONTRIBUTING TO SAFETY.

The first condition for safety is, that the trains, which, as

regards signals, are protected, should bo equally so as

regards the means placed in the hands of the engine-driver

and guards for controlling the speed of the train between

stations, on approaching junctions, or when descending steep

gradients.
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The second condition for safoiy is, that the train should

be provided witli contrivances of an automatic character

for instantaneously applying the brakes in the case of

broken couplings or derailment of the train, any action of

the driver or guards being thus anticipated.

A bralic which gives the driver complete control of a

train during ordinary running, and so long as it keeps the

rails, is a most valuable safeguard so far as the fulfilment

of the first condition for safety is concerned ; but the brake

must be unfailing in its action, so as to justify the driver's

confidence in its use.

Many brakes, including some sectional brakes, comply

with this oondi tiou ; but though admirable in many respects,

they do not provide for every emergency which may arise

such as derailment of the train, or the case of a train

becoming parted when ascending a steep bank. To be useful

under all circumstances which may arise, a brake must
possess certain qualities wliich will enable it to comply with
the second condition for safety ; that is to say, in addition

to being reliable while the train keeps the rails and is

under the control of the train officials, it should also

anticipate any action of the driver or guard in the event

ol derailment of the train or of its becoming parted; in

short, the brake should be " automatic in its action " in

case of accident.

The writer has dwelt at some length upon the conditions

for safety, because it enables one more fully to realize the

diificultios which had to be mastered in designing a brake
that should conform with the Board of Trade requirements
as regards continuous brakes. These requirements, to be

quoted directly, are extensive
; the standard they have set

for continuous brakes is very high, but has nevertheless

been attained. The standard, by being high, has contributed
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to tho safety of travolUnfi in a groat measure
;
and the

Board of Trade deserve the credit of having from the hrst

taken up a strong and unassailable position upon this most

important question.

Tho following are the "Board of Trade Eequirementa

relating to Kailway Continuous Brakes," as sot forth m

the circular to the railway companies, dated August 30th,

1877 :—

BOARD OP TRADE REQUIREMENTS.

(a) Tho brakes to be ofiicient in stopping trains, instan-

taneous in their action, and capable of being applied without

difRculty by engine-drivers or guards.

(h) In case of accident, to be instantaneously self-acting.

•

(„) Tho brakes to be put on and taken off with facility

on the engine and every vehicle of a train.

{d) The brakes to bo regularly used in daily working.

(e) The materials employed to be of a durable character,

so as to be easily maintainod and kept in order.

The iirst three of these "requirements" are those which

bear directly upon tho action of the brake mechanism
;

on

this account the author proposes describing a number of the

brake systems which are in extensive use, and othors which

though now discarded, have until recently been in general

use He proposes further to consider in what respect those

which hold the field comply with tho above requirements,

and how far they may be considered as successful solutions

of tho brake problem, and in what respect tho systems dis-

carded have failed to moot the requirements of the Board of

Trade.
PART II.

The author has now arrived at tho second portion of his

paper ;
viz., the consideration of tho brakes themselves, and
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the classification which may bo stiitahlo for continuous brakes.

Tho writer has before referred to the groat number of brake

mochniiisma which have been invented. In a paper on tho

' GlaHsiJicaiion of Gontinwnis Railway Ihahes" read at tlio

Institution of Civil Engineers, on December 2nd. last, by the

author, an attempt was made by him to classify continuous

brake mechanisms in a systematic manner ; and though the

classification of continuous railway brakes was mainly dealt

with, that of sectional brakes was likewise incidentally

discussed.

Tho facts which led to tho method of classification

eventually adopted,—facts by which no one who has gone

into tho question of railway brakes can fail to have been

3',raok,—arc Very briefly summarized, as follows :

—

1. The very large number of brake mechanisms invented,

including sectional and continuous brakes.

2. The limited number of different principles underlying

the action of the mechanisms to bo found.

3. Tho obvious family resemblance to be discovered

between the mechanisms in a group, when classified accord-

ing to tho principles upon which their action was based.

4. That whatever the classification adopted may be by

different writers, one line of division will be found common
to all systems of classification proposed, which separates

brakes which are sectional, or only applied to certain vans

placed at front, middle, and rear of a, train, at best, and more

usually to front and rear van only, and continuous brakes,

which are applied to every vehicle throughout the lougth

of the train. Among continuous brakes, another natural

line of division is suggested by the " a " and " h " conditions

of tho Board of Trade requirements, namely, tho division

of thorn into " simple " continuous brakes, complying with

condition " a" of the circular; and "automatic " continuous
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brakes, complying with Loth " a " and " b " of tho require-

ments as regards their action.

Definition of " Brake."—If we doflno a brake mechanism

in its widest and most general sense, wo might define it

to bo a mechanism designed for tho purpose of dispersing,

absorbing, or transforming the kinetic energy of a train.

Furthermore, it will be found that, as regards tho classi-

fication of—
SECTIONAL BRAKES,

they may bo classified according to tho manner in which

the kinetic energy of the train is dispersed, and the form

of instrument directly employed in its dispersion. Thus

we have Block brakes, Slipper brakes, and Clip brakes
;
also

Pump brakes. Fan brakes, and Sand brakes. It will bo

sufficient to indicate the method of dispersing the kinetic

energy of the train in one, or two, or three of the brakes

just named.

In the case of the "Block" brake, the friction set up

between the wheel tires and the blocks, which are pressed

against them by suitable gearing in the vans, generates

a large amount of heat, in whicli form the kinetic energy

of the train disai)pears.

In the case of the " Slipper " brake, by moans of suitable

gearing, the weight of the brake van is transferred from

the wheels to a " slip])cr," whcro the previous rolling

friction of the wheels on the rails is altered to a sliding

one, and an increased amount of the train's energy is

absorbed in overcoming tho extra IVictional resistance thus

set up.

In the case of tho "Clip" brake, by means of suitable

gearing, a " clip " is made to grip tho rails ;
and the frictional

resistance set up between it and the rail, and also the

molecular stresses set up in the parts of the brake me-
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chanism, arc the means of absorbing tlic train's kinetic

energy.

In tlio case of " Ean " and "Pump" brakes, tko fluid

friction of a " fan," keyed to one of tlie axles and revolvino-

in a cylinder filled with liquid, which it has likewise to

circulate through a plate perforated with holes, is used to

absorb the train's kinetic energy.

Details of these brakes are to be found in Rankine'a

works, and in Mr. J. Wolfe Barry's " Eailway Appliances."

Sectional brakes are interesting and instructive in many
respects, but are not of sufficient importance to call for

a lengthy description. Their day is over, so far as passenger

trains are concerned
; and in America and other countries

they are being su])ersoded on freight trains by " continuous

brakes."

Among

—

" CONTINUOUS BEAKES,"

We find, as before said, two great divisions :-^

A. Simple Continuous Brakes, and

B. Automatic Continuous Brakes.

Each of these, divisions can be divided into the same num-
ber, namely, three classes, any class among the Automatic

continuous brakes having the same distinguishing charac-

teristic as the corresponding class among Simple continu-

ous brakes.

Continuous Brakes may be classified according to the

" force " available for working them, and the method of its

application to that part of the brake mechanism where the

power is applied.

Classified in this manner, we have

—

Class I.,

Containing those brakes in which the force available for

o o
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working them in dorivcd from tlie manual powor of the

guard, applied to a hand-wheel in the guard's van, the power

being applied by suitable gearing, with a certain mechanical

advantage, to the " brake rigging," by which the blocks are

brought into frictional contact with the tiros of the wheels,

a resistance being thus set up which serves to disperse the

" accumulated work " of the train.

A second class,

—

Glaus IT.

Contains those brakes in which the " force " for working

the "brakes" is the "kinetic energy" of the train, which,

by means of suitable gearing, worked from a friction roller

on the rear axle of the tail brake-van, is made to revolve

a drum, on the shaft of which a chain is wound ; the shorten-

ing of the chain raises a pulley, fitted to the etid of a bell-

crank lover on each carriage, under which pulley the chain

is passed ;
inclined thrust rods, linked to the vertical arm

of the bell-crank lever, transmit the motion to the levers

carrying the brake blocks, which are- thus applied to the

tires of the wheels.

In order to apply the brakes, it is only necessary to bring

the friction drum, on whose shaft the chain is coiled, into

frictional contact with the friction roller on the brake-van

axle, for which the device shown on the " friction rollers
"

of Clark's brake is provided.

It will bo seen, that should the train become parted, and

the chain broken, the moans of applying the brake is gone,

as the chain would have nothing to tighten against.

Class III.

Colli ains those brakes in which the force for working the

brakes is obtained by destroying a certain condition of

" air pressure," of " liquid pressure," or of vacuum, which.
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"p to tJio instant of application of tlio brakes, had been
inaintainod on both sides of a moving piston—or, in some
instances, a fixed one, where a movable cylinder is carried
on each vehicle, and is connected with the levers carrying
the brake blocks. The destrnction of the 0(iuilibrlnm which
maintained the piston at rest and the brakes " off," is

brought about by altering the above-named conditions of

pressure or of vacuum on one side of the piston, whence
motion of the piston or cylinder ensues—according as it is

the former or latter which is movable, and connected with
the brake rigging.

The part of the mechanism which transmits the available

power from the point where it is applied to the point whore
it is utilized,—usually termed the " brake rigging,"—is much
the same in all continuous brakes, and needs no particular

description.

To many, the abstract just given of the " classification

"t continuous brakes" may appear meagrfl, and of too

theoretical a nature
; this arises from the fact that whore

a classification of mechanisms is based upon " pn-inciples,"

and not upon details of construction, the ground covered
or affected by these principles cannot bo exactly defined.

•New inventions may appear, which may be further mani-

lestations of particular principles ; therefore, unless wo are
to bo constantly roconstnicting old. classifications, or de-

vising now ones, we must state " principles " in such general

terms as to afford grounds for believing that the classifi-

cation of mechanisms in which they exist may be broad
finough to include inventions that have been and inventions
that may yet be made. The number of "principles" to

bo found are fewer than the number of applications of them
which may be made.

What a gonoral " classification " of mechanisms lacks,
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but more especially such ones as "railway brakes," of

which, thetre are a groat number, may bo remedied by

detailed description when particular mechanisms are ana-

lysed.

The author proj-mses describing, so far as time will allow

of, as many of the " continuous brakes " of all classes, both

automatic and simple, as are interesting on account of their

extensive use at the ])resent time, or because they mark

an era in the development of the continuous railway

brake.

A. EXAMPLES OF SIMPLE CONTINUOUS BBAKES.

The Continuous Screw Brake.

This is an example of Class I.

The power for working the brake is applied to a hand-

wheel in the guard's van, which, by means of bevel gearing,

communicates a rotary motion to a shaft extending along

underneath the carriages.

The revolution of the shaft screwed up the brakes on

each carriage under which the shaft extended. Tliis shaft

was, of course, made in lengths, one of which was carried

by each carriage of the " sot " over which the continuity

of the " brakes " was to bo maintained ; and the ex-

tremities of the shaft lengths were formed to make suitable

couplings.

It is evident that, provided the " power " of the guard was

sufficiently increased by the screw gearing, the " continuous

screw brake " may be regarded as a good and reliable brake,

and one which was not likely to get out of order.

In the event of the train breaking in two, the portion

of the train with which the brake-van remained, would

still possess the moans of stopping.

To increase the utility of the continuous screw brake,



CONTINUOUS RAILWAY BRAKES. 179

a front and rear brake-van wero usually attachod to tho
train, by which the risk of a part of tho train bein"- loft

without braking power, in tho caso of accidental splitting

of tho train, was quite avoided, in addition to which tho

power of another man was gained. This brake is still in

use on a few branch lines, among others, the Cheddar
Valley lino.

Clark's Chain Brake.

This is an example of a brake belonging to Class II.

A friction-roller is carried on the last axle of tho brake
van, which servos, by frictional contact when set up, to

revolve two friction drums carried in swing links, one on

each side of the van axle carrying the friction roller.

^
Tho shafts of these two friction drums carry barrels, on

to which the chain used for putting on tho brakes is wound.

This chain passes from the "winding barrel" over a

pulley, carried in a swing frame, then underneath another

gnide pulley, carried at the extremity of tho horizontal

arm of a boll-crank lever, to the end of the vertical arm of

which the inclined thrust rods which work the levers

carrying the brake blocks aro attachod
; from tho " guide

pulley " just mentioned the chain again passes over another

guide pulley, hung in a swing frame like the first, and from
thence the chain passes on to the next carriage. Tho two
guide pulleys, and tho pulley on tho horizontal arm of tho

boll-crank lover, form, with the chain, an isosceles triangle,

with its apex downwards.
The action of tho brake is easily seen : as tho chain is

wound on the barrel, the "pulley" at the end of the bell-

crank lever, and the lever with it, is raised ; the vertical

arm, moving away from the vertical, actuates the thrust

rods, which in their turn actuate tho lovers carrying tho

brake blocks.
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The device for enabling the guard to bring tlio surfaces

of tlie van-axle friction roller and the chain-barrel friction

drama into contact, requires a few words of explanation.

The swinging links carrying the latter are hung, one

from the carriage frame near the fulcrum of the long lever
;

the other is hung from the lever, as seen in the large

diagram. The lower ends of these swinging links are, by

means of short links, hinged to the lower end of a short

link, whoso upper end hinges on a pin on the long lever.

When the guard wishes to apply the brake, he raises the

lever by means of a hand-wheel and screw ;
the lever, in

rising, draws up the short inclined links, which pull the

"friction drums" iixto contact with the roller on the van

axle.

This brake may be made instantaneous in its action by

placing a spring underneath the lever, which is compressed,

and then released by the guard when required for raising

the lever and a])plyiiig the brakes.

This brake is now out of date ; it does not comply with

the " Board of Trade " condition regarding automatic action

in case of accident. The brake was mucli atfectcd by fi'ost

and atmospheric changes, and was unreliable, as well as

being useless if the train became parted. It was likewise

rough in its action.

The " Smith " Vacuum Bkake.

Each carriage carries one or more collapsible cylinders,

whose lower ends are liidicd to the boll-crank levers of the

brake rigging. A continuous train pipe sets up a through

communication between an ejector on the engine and the

collapsible cylinders throughout the train.

The collapsible cylinders are in stable equilibrium when

the brakes arc " off'," being so maintained by a pressure of
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air within tho cylinder, wliicli is tlie same as that without

the cylinder.

To apply tho brakes, this equilibrium is destroyed in the

following way : a jet of steam is blown through the ejector,

which draws the air from tho continuous train pipe and

the cylinders it connects ; those, being exhausted of air,

collapse vmder the pressure of the external air, and apply

the brakes.

This brake does not comply with the Board of Trade

requirements in several respects.

(a) It is not instantaneous in action. It cannot be

applied by the guard.

Tho brake is efficient in stopping trains so long as there

ia no leakage in the pipes or cylinders to neutralize the

action of tho ejector.

{b) In case of accidental parting of the train, or in the

case of derailment, the brake is useless.

The l)rake does not command the driver's oonfidonco, as it

is unreliable. The brake is an example of Class III.

The " IlAKDY " Bkake

Resembles Smith's. Two ejectors are used, one of which

exhausts the cylinders on engine and tender, the other acts

on tho continuous train pipe, and exhausts the cylinders

on tho carriages. It would be more correct to describe the

ejector as double, than as two. Tho cylinders differ some-

what from " Smith's "
;
their lower ends are open to the

air, the piston fits loosely, and is made air-tight by moans
of an elastic diaphragm, the outer edge of which is bolted

between the flanges of the cylinders, which are cast in two

halves, tho inner edge being fitted to the piston to exclude

the air.

The action of tho brake is identical with " Smith's." It
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is efBcient in stopping trains wliilo thore is no loakago. In

the event of the hose conplings parting, the brake on the

carriages is rendered useless, thongh that on the engine

remains unaffected. The " Hardy " brake is in this respect

an improvement on Smith's.

The "Tell Taf.io " Vacuum Brake

Eesembles Smith's in the use of one ejector only, and

Hardy's as regards the brake cylinder. The " ejector "

differs from either ; it contains within the large ejector a

small auxiliary one, which maintains a certain degree of

vac;u;im in the train-pipe to test its soundness ; this amount

of vacuum is indicated on a gauge by a pointer, showing

" brake right "; should a leakage occur that would endanger

the action of the brake, the small ejector will fail to main-

tain the vacuum, which the pointer will show on the gauge.

The " Westinohouse " Stkaight Air Bkake.

This is another example of Class III. It is, however, an

air-pressure brake.

An air-pump on the engine, worked by steam from the

boiler, forces air into a large reservoir placed underneath

the tender. The pressure in the reservoir varies, but is

generally 70 to 80 lbs. on the square inch. Double piston

brake-cylinders are fitted tinder the carriage frames, the

piston-rod ends being connected with the brake-rigging by

means of short connecting rods.

A continuous brake-pipe runs from the air-reservoir on

the engine tender along the train, being connected by

branch pipes with the brake-cylinders.

To apply the brakes, the driver opens a valve, which

admits air from the reservoir to the " train-pipe " ; the

pressure in the pii)0 and the brake cylinders is thus raised
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till it oqnals tliat in the lai-go reservoir, the brake-pistons

in the cylinders are thrust apart, and the brakes api)lied.

This brake was effective in stopping trains, so long as no

serions leak occurred in the pipe from bursting of a hose-

pipe, or the unfastening of a pipe coupling.

The brake was furthermore much quicker in its action

than any simple vacuum brake could be, on account of the

high pressures used. It will bo soon, however, that, as

described, the brake power would be lost should a pipe

coupling become undone. To mitigate this disadvantage,

Mr. Wostingliouse added a strong auxiliary reservoir of

largo capacity to the tail brake-van, in which air at high

pressure was stored. Communication between this supple-

mentary roaorvoir and the train pipe was cut off during

ordinary running by a guard's valve.

Valves were likewise placed in the hose couplings, which,

in the event of a coupling becoming undone, were pressed

against their soata b}' the pressure within the pipe when
communication was opened with the sup])lomontary air

reservoir by tho guard's valvo. It will thus be soon that, in

the event of the train parting, tho power of tho brakes

would not bo entirely lost, the brake power being preserved

to tho part of the train connected with the rear brake-van.

This property of retaining a portion of the brake-power in

the event of parting of tho train, the " Westinghouso "

shares with the " Hardy " vacuum brake ; but in the case of

tho " Westinghouse," tho value of this power is enhanced

because the brake power is preserved to tho rear portion
;

the front part of the train connected with the engine is

conti'olled by it, because the driver can command a certain

amount of braking power, if he chooses to throw his engine

m " reversed gear " while running forward
;
in any case, a

driver can put on the tender hand-brakes.
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The " Westinghouse " simple air brake is iised on tlio

Metropolitan Railway.

Wo now come to the second division, containing the

Automatic Brakes of Class III.

B. AUTOMATIC CONTINUOUS BEAKBS.

Clarke's brake belongs to Class I.

In this brake long tension rods,—one running on each side

of the centre line of the train its whole length,—are con-

nected with the principal levers of the brake-rigging, which

they actuate. Between the ends of the principal levers

and brackets bolted to the tie-beams of the carriage under-

frames, these tension rods are enveloped by long spiral

springs, the function of which will bo seen directly.

The tension rods are pulled by moans of screw gearing in

the guard's van, worked by the guard with a hand wliool.

When the train is about to start, the guard, by moans of

the screw-gear, pulls the tension rods, and compresses the

spiral springs, the brakes being at the same time released.

It will be seen that all these springs, in compression,

constitute a store of powei", which can bo used for applying

the brakes when the tension rods are released by the guard,

or which will automatically apply the brakes on both

portions of the train, should it become parted. A device is

also often added for instantaneously releasing all the springs

by disconnecting the screw-gearing and the tension rods
;

when, of course, the brakes are applied throughout the

train.

This brake complies with the Board of Trade require-

ments, as regards conditions a and h.

Its chief drawback is the use of powerful screw-gearing,

which must be employed to enable the guard to store a

serviceable amount of power in the springs. The mcchani-
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cal advantcigo gained by tlio screw-gearing implies a waste

of time in getting the brakes "off" and storing power in

the springs for tlie next application of the brakes.

The next brake belongs to Class II. of the Automatic

division. Tho brake is

—

"Clark's Chain Brake."

The friction rollers and friction drum, whose axle carries

the chain barrel, are shown in the large diagram.

The chain, after passing from the barrel on which it is

wound, passes over a guide pulley, under another hung in a

frame which slides on vortical guides, and then again up

over a guide pulley, after which it passes on to the next

carriage.

The bracket carrying the pulley under which tho chain

passes, is kept down by spiral springs enveloping tho vertical

rods which guide the pulley bracket.

This guide bracket carries a hook, which hooks over the

pin passing through tho ends of the links, whose other ends

are attached to tho swing frames carrying the guide pulleys

over which the cliain passes. It will bo soen, tliat when the

chain is woun<l uj), the bracket carrying the guide pulley

rises until tho hook it carries can lay hold of the fulcrum

pin of tho thrust rods ;
in rising, the bracket compresses

the spiral spring, which thus contains a store of power.

To apply tho brakes, the chain is slackened, by which the

springs, through the medium of the bracket and hook, exert

a downward pull on tho links, which thrust apart the

suspension links carrying tlio chain pulleys ; the pulling rods

connected to the brake rigging are likewise attached to

these suspension links. Thus, when the suspension links are

thrust apart, the brakes are pulled on.

This brake has been extensively used. It complies with
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the Board of Trade requirements, when not affected by the

weather. The friction pulleys occasionally become coated

with ice, when the brake is rendered useless. Thus the

brake is not quite reliable. The brake is quick in its action,

but jerky, booanso the friction between the friction rollers

will not admit of graduation.

It can only be used on short trains ; on long trains the

resistance of the springs exceeds the force that can bo

transmitted by friction gearing worked fi'om tho roar axle.

The "Heberlkin" BrjAKK.

This belongs to Class II. In " Heborloin's " system each

carriage carries a complete set of friction pulleys and gear-

ing, connected by tension rods with the brake rigging, as

shown in Pigs. 1 and 2 for tho engine, and in Figs. 5 and 11

for the carriages.

The friction gearing is tho most important part of tho

brake apparatus. A Z-shaped frame, sliown in side and

front elevation in Pig. 4, carries a friction pulley, the lower

one of the two, and a chain pulley, tho upper one ; the chain

pulley is placed to the side of tho friction pulley
;
a stopped

chain of peculiar construction, made of flat links, is wound

off the upper pulley on to the barrel of the lower, or vice

versa, according as the brakes are in the act of going " on "

or coming " off."

The rear axle of each carriage carries a frictioir piilloy

made in halves, this friction pulley being secured by a

key and by bolts. Whon the braltes are " off," tho Z-

shn.ped frame is held, away from tho axle by tho tension of

the rope transmitted through the inclined tie-rod attached

to the swing frame. When this is tho case, there is no

frictional contact between tho pulley on tho axle and that

carried by the swing frame.
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To apply tlio brakes, tliG driver or guard Iota out siifBciont

of the cord from liis " winding reel " to allow the Z-shaped

frames to descend, and bring the surfaces of the two

friction pulleys into contact. When this is the case, the

" stepped chain " is wound oif the chain pulley on to the

barrel of the friction pulley ; the short piece of flat-link

chain is wound on to the excentric barrel of the upper chain

pulley; and the horizontal tie-i-od, with which the short

])ieco of flat-linked chain is connected, pulls on the brakes.

The " Heberloin " brake complies with the Board of

Trade requirements. It has, however, been very little used

in England. It is extensively used on the German railways,

and has also been fitted to a good deal of the rolling stock

sent out to South America. The Bristol Wagon Works
kave fitted it to stock for Spanish and South American

linos.

In this country, the brake is in use on the Colno Valley

Railway
; also on the Highgato Hill Cable Line. The

orako gives satisfactory results; it is automatic in its

action as well as instantaneous. The reels and tackle do

not commend themselves to an English eye ;
and the brake,

like other chain brakes, is open to the objection of being

affected by the weather and by frost. Reports, however,

speak well of the brake, which is, without doubt, the best

of its kind. In some respects it resembles Wilkin & Clark's.

This brake concludes the list of those to bo given in this

class.

We now come to the moat important class of continuous

ijrakea
; tiliose belonging to Class III., Automatic Division.

Among these are nundiorod the various typos of automatic

vacuum brakes in use, the different systems of air-pressure

brakes, and the ingenious " Barker " hydraulic pressure

brake, which in certain respects resembles the " Westing-
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hnuso "automatic brake and tlio "Hardy" automatic vacuum

brake, to be presently described.

The brakes of Class III., whether " simple " or " auto-

matic,"—but the latter more especially,—have to a very

large extent displaced, and will eventually ontiroly super-

sede, all other kinds of brakes.

Two distinct methods are followed for giving motion to

the brake-piston :

—

1. That of "differential" pressures, in which the brake-

piston, when the brakes are " off," is maintained in a con-

dition of unstable equilibrium, and in which the normal

unstable equilibrium is destroyed for application of the

brakes.

2. That of using separate " vacuum " or " compressed

air" reservoirs, or, in the case of Barker's hydraulic brake,

a reservoir in which water is stored under pressure, from

which reservoirs, in each instance, communication is opened

with the brake cylinders when the brakes are to be applied.

When the brakes are " off," the communication between the

cylinders and reservoirs is closed, the brake piston being

then held in stable equilibrium by air on each side at the

normal atmospheric pressure outside the brako-cylindor, the

brakes being released by their own weight, or by springs.

To the class of ^^ Differential" pressm-e brakes belong the

" Automatic " vacuum brake, the Steel & McJnnes air-

pressure brake, the " Clayton " automatic vacuum brake, the

" Wenger " air-pressure brake, and " Aspinall's," " Smith's,"

and " Saunders's " automatic vacuum brakes.

To the class of " Separate Reservoir " brakes belong the

" Hardy " automatic vacuum brake, the " Westinghouse "

automatic air-pressure brake, the " Eames " vacuum auto-

matic brake, and the " Barker " hydraulic automatic pres-

sure brake.
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Of the " Differential " pressure brakes, it will bo sufficient

to describe the " Automatic " vacuum brake, and " Steel &
Mclnnes " air-pressure brake, as they are typical examples.

Of the " Reservoir " brakes, the " Hardy " automatic

vacuum, the " Westinghouse " automatic air-pressure, and
the "Barker" automatic hydraulic pressure brake are the

most interesting types.

"DIFrEEBNTIAL" PEESSUKE.

The " Automatic " Vacuum Brake.

An " ejector " on tho engine withdraws the air from the

continuous train-pipe, and from both sides of the brake piston,

Working in a cylinder placed in an enlarged tub ; the brake

pistons are thus placed in unstable equilibrium, and the

brake-blocks are " off." To apply the brakes, the driver

puts the ejector handle to " Brake on," thereby admitting
s^ii" to tlie train-pipe and lower sides of the brake-pistons,

sit the same time sealing the vacuum on the top side by
means of the " ball " in the valve, which is pressed against

its seat ; the brake-piston is thus pushed up, and the brake

applied.

This vacuum brake complies in every respect with the

Board of Trade " requirements, and is the best of the

vacuum brakes.

Its defects are, that on account of the large volume of air

which has to be withdrawn from the cylinders and train-

pipe through the ejector, tho brakes cannot be pulled " off"

•IS quickly as is sometimes requisite.

The second defect is, that the same large amount of air

has to be admitted to the train-pipe for application of the

brakes, though in this case an automatic valve in the guard's

van is available, in addition to tho driver's valve ; hence
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the brake cannot be got " on " nearly as quickly as where

compressed air ia used.

The application of the brakes might be hastened by apply-

ing " automatically " opening valves at various points in

the train-pipe for admitting air ; but tlie chances of some-

thing going wrong would bo likewise increased.

This brake is very extensively used ; and it gives the

driver complete control over his train.

The Steel & McInnes Bkake.

An air-compressing pump on the engine forces air along a

continuous train-pipe to the top and bottom sides of the

brake piston, working in a cylinder, with which each

carriage is supplied. The lower part of these vertical brake

cylinders is enlarged to form an air vessel. When the

brake-piston is in unstable equilibrium, the brakes are " off."

To apply the brakes, air is discharged from the top side

of the brake-piston, when the air below it and in the air

vessel expands, and pushes up the piston, thus applying the

brakes. The piston rod passes through the lower end of the

vertical cylinder, and is there connected with the brake

lovers l)y a connecting rod. The piston rod passes through

a stuffing box and gland, which, if not kept properly packed,

gives rise to trouble in practice by reducing the pressure

below the piston.

The McInnes brake comi)lies with the Board of Trade

requirements.

It is not used in England, but ia in Scotland, though not

extensively.

The enormous quantity of air which has to be discharged

from the top ends of the cylinders and train-pipe when the

brakes are to be applied, and then re-supplied when the

brakes are to come " off," renders it slow in action.
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On a carriage 30 foot long, with a brake cylinder 8

inches diameter, 12 inches stroke, the capacity of the

cylinder being 600 cubic inches, and capacity of the air

vessel 1,800 cubic inches, the train-pipe on each carriage

measuring 284 cubic inches, and assuming the piston to

travel 6 inches, 884 cubic inches must be discharged for a

full application of the brakes.

Mr. Michael Reynolds, in his work on "Continuous

Brakes," supplies these figures.

A quick air-pump of large capacity is necessary.

Glass in. {Reservoir Typo.)

The " Hardy " Automatic Vacuum Brake.

In tho " Hardy " brake an ejector on the engine exhausts

the air from tho train-pipe, the vacuum reservoir on the

engine, and the vacuum reservoirs placed under each car-

riage. In addition to the vacuum reservoir, each carriage

carries a brake cylinder, whose piston actuates the brake

levers.

When tJio brakes are " off," communication is cut off

between tho brake cylinder and the vacuum reservoir by

means of a double-seated diaphragm valve, which is main-

tained in a condition of unstable equilibrium by the vacuum

in the pipe on one side and the vacuum in the reservoir on

the other. Tlie brake piston is maintained in sf,ahle equili-

brium by a pressure on both sides, the same as that external

to the brake cylinder, the brakes being held "off" by the

weight of the pistons.

To apply the brake, the driver admits air to the train-

pipe, thereby destroying the vacuum and the equilibrium of

the diaphragm valve, which is thrown over, and opens a

passage from tho "reservoir" to the brake cylinder, tho

air on tho top side of the brake piston expands into the

P P
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vacmim reservoir, and tlie brakes are applied by tlio cx>

ternal atmosj)heric pressure on the lower side of the brakq

piston.

As to the merits of the " Hardy," it complies with Board

of Trade requirements. The use of a vacuum reservoir of

large dimensions, an absolute necessity, is a drawhach, as

is also the use of a diaphragm valve with double seat.

It will be seen that the movement of the valve depends

on the pressure on the diaphragm ; and the direction in

which it moves the brake determines whether the brake is

going " on " or " off."

The " Hardy " brake is heavy, and all the parts are large,

The " WestingirousE" Pressure Brake.

In the " Westinghouae " automatic pressure brake, the

use of a separate reservoir attains its best results, as

the use of "differential" pressures does in the case of the

automatic vacuum brake. The results obtained by the

" Westinghouse " brake have not been equalled in any other

system. The following is a brief description of the -brake.

An air-compressing pump, worked with steam from the

engine, forces air into the main reservoir on the engine.

Prom the main reservoir a pipe leads by way of the driver's

brake valve to the continuous train-pipe, which, by means

of branch pipes, communicates through the " triple " valve

with the auxiliary reservoirs under the carriages.

Each reservoir communicates with its brake cylinder also

by way of the " triple " valve.

Supposing, now, tlio main reservoir to be stored, and tlio

air-pump to be working slowly, and the brakes to be " off,"

the train-pipe and auxiliary reservoirs being all charged.

The pressure in the main reservoir is about 15 lbs. higher
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tliaii tlio ])rcssuro iu tlio train-pipe. TJic object of tins will

be seen later on.

When the brakes are " off," the train-pipe pressure is

equal to the reservoir pressure, the " triple " valve of each

reservoir being held in nndahle balance between the pres-

svires.

When the brakes are " off," the brake-piston is in com-

munication with the atmosphere, the piston being kept

homo, and the brakes " off," by the " spiral" springs.

To apply the brakes, the driver discharges air from the

brake pipe, the equilibrium of the "triple" valves is thereby

destroyed, they fall and open a communication between the

auxiliary reservoirs and the brake-cylinders, the air from the

reservoir forcing out the brake-pistons and applying the brakes.

When the brakes are to be released, the driver opens a

communication between the main reservoir and the train-

pipe, the excess of the air pressure in which admits of its

supplying the train-pipe with the air necessary to restore

the " triple " valve to its former state of unstable equili-

brium. The " triple " valve, being thus raised, cuts off the

communication between the auxiliary reservoirs and the

brake-cylinders, and jjlaces the latter in communication with

the atmosphere through the exhaust passage, thus allowing

the brake pistons to be forced home by the springs, and the

brakes to bo released. When the triple valve reaches

the groove at the end of its travel, air again feeds past

It into the auxiliary reservoirs, until the normal pressure in

them is again reached.

In a Paper on Bi-akes, read before the Society of Arts by
Mr. W. P. Marshall, M.I.C.E., he stated that the " Westing-

house " brake could not, like the Automatic Vacuum Brake
and other Differential Pressure brakes, be applied with any
desired degree of pressure, and be loft for any length oi'
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time, at that prossxiro. That this statement is misloading

and erroneous, the author has had opportunities of proving.

Now, as to the merits of tlio " Westinghouso " brake.

(tt) It is efficient in stopping trains, is absolutely reliable,

and easily applied by driver or guards. It is automatic in

its action.

(6) Owing to the use of a largo reservoir cai-rying a con-

siderably higher pressure than the train-pipe, and by the use

oi' auxiliary reservoirs and, high pressure, the brakes can be

got " on " and " off'" faster than any other brake.

The time taken to apply the " Westinghouse " brake is

about three seconds on a train 400 feet long; the time taken

to get the Automatic Vacuum brake on is about seven

seconds at the best.

The " triple " valve has boon criticized in the past on

account of its complication. In spite of its so-called com-

plication,—which is not more than that of an ordinary piston

and steam cylinder,— it docs not fail as tho valves of the

vacuum brakes do, which are always causing delay. The

Board of Trade returns record few cases of a " triple
"

valve failing to work, though there are a great number of

failures recorded against various typos of vacuum brakes.

Tho " vacuum brakes " may show a few more miles run

for a "failnre" than tho "Westinghouse." The failures

of tho vacuum brakes are sucli as would, under certain

conditions, fail to prevent, and in some instances have

been productive of, accidents.

The failures recorded against the " Westinghouso " are

in no instance dangerous failures. The worst they have

done, is to pull a train up by the accidental bursting of a

ho.^e coupling—a mishap that cannot result in a disaster

where the block-system, or other system of signalling trains,

is properly worked.
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Comparing now tJio " Westingliouso " automatic prossnro

brake with the " Steel & Mclnnes " pressure automatic

brake, and assuming the same diameter of cylinder, 8 inches,

the same maximum piston travel G cubic inches, and the

auxiliary reservoir 1,800 cubic inches capacity, and the

train-pipo capacity to each carriage 284 cubic inches, the

volume swept through by the brake-piston when the brakes

are full on being 300 cubic inches, we shall find that,

whereas it was necessary for a full application of the

brake (differential pressure) to discharge 884 cubic inches

of air on each coach, it is onljr necessary to discharge 40

cubic inches in the " Westinghouse " brake to fully apply

the brakes. It is evident that the " Westinghouse " can

be applied faster, taken "off" faster, and that it is more

economical in the use of air.

Though the amounts of air which have to bo discharged

in the " Steel & Mclnnes " and the " Westinghouse

"

are for a full application of the braises, the actual amounts

used in working the brakes are only as 2^ to 1.

The next brake is Barker's Hydraulic Brake.

Bakkeu's IIydkaulic Brake.

In Barker's brake a force-pump on the engine forces

Water along a continuous brake-pipe to an " accunnilator "

placed on each coach. The water is under the pressure of

a very powerful coiled spring, placed under compression

'>y a piston which the entering water forces forward.

A slide valve, carried in the piston in the auxiliary piston-

valve, is placed in a condition of unstable oquilibrium by
the pressure of water in the train-pipe on one side, acting

against a coiled spring on the piston-valve rod, as seen in

the wall diagram.

In certain positions the auxiliary piston valve opens a
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communication between the accumulator and the brake

cylinders. This occurs when the train-pipe becomes broken,

the coil spring, then unbalanced, forces over the valvo 1,

and opens a passage from the accumulator to the brake

cylinder through the port 2, the brakes being applied. This

brake is not used ; it is an example of an able and ingenious

endeavour to cope with the difificultics that l)osct the ])rafiti-

cal solution of the brake-question.

The principle of the brake closely resembles " Westing-

house's." The trial brakes answered well ; but the use of

water barred the way to the general adoption of Barker's

hydraulic automatic brake.

Tliero is one point which has not been referred to in

dealing with air and vacuum brakes of the automatic di-

vision.

Tills is the "leak off" device, adopted in the "Clayton

and Smith" brakes, for allowing the brake to come "oif"

after it has been " on " from 80 seconds to 120 seconds.

It will be seen from tlie principle of the automatic brakes

that the brakes go "on" when a hose coupling becomes un-

done, or when air is admitted to the train-pipe for applica-

tion of the brakes. Now, in the " Automatic Vacuum

"

brakes, where there is no "leak off" hole in the piston, the

brakes will remain "on" until released by the "ejector"

withdrawing the air from the train-pipe, or until the driver

allows air to flow to the top as well as to the bottom side of

the brake piston, by means of the release valvo and lever

attached to each cylinder. To release, the guard pulls the

cord connecting the release valve levers, which pulls the

ball away from its seat, allowing the air to flow to the top

side of the piston, thus balancing it and releasing the

brakes.

Now this release valvo device is only provided to admit of
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the carriages being moved wken the engine has loft the

train at a station, or for shunting purposes.

The "leak off" device,—which is nothing less than a death

ti-ap,—allows the brakes, as before said, to come "off" by

themselves, after being applied I'or from 80 to 120 seconds.

The dangerous nature of such a device has been often shown

when trains have crashed into " buffer stops," owing to the

brakes leaking " off," the driver meanwhile believing he

had applied the brakes at the right time. The " leak off"

device makes the brake quite unreliable. In the event of

a train parting when going up a steep bank, the train will

be pulled up for a minute, and then allowed to run back-

wards to the bottom of tlie bank. In short, it renders the

protection conferred by fulfilment of the automatic condi-

tion, when really adhered to, futile.

The " Westinghouse " brake is, like the automatic vacuum

brake, provided with a release valve
;
but neither of these,

the two best brakes in use, are provided with such danger-

ous devices as " leak off" holes.

SUMMARY OF CONCLUSIONS

Witji regard to the use of continuous brakes is

—

1. That the use of continuous screw brake and other con-

tinuous hand brakes, like Clark's, is declining, and almost

ended.

2. That " chain brakes " are likewise going out, on account

of thoir liability to be alfected by the weather, and their

rough action. If some device can be invented which will

render them reliable in all weathers, they may yet find

their place on mineral trains and goods trains, which are at

present ill supplied with brake-power.

3. That by the use of automatic air pressure, or of

vacuum brakes, the speed of trains is most effectually con-
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trolled, a-nd tliat these ti-akes are destined to displace all

others.

The tendency in favour of " high pressures " and light

parts, and other attendant advantages, points to " pressure "

brakes as the best means of solving, in a practical manner,

the brake-question.

The following are the further conclnsions at which one

arrives after examining the vaa~ious types of vacuum and

pressure brakes :—
1. That whore, as in the case of vacuum brakes, the total

force which applies the brakes depends upon the degree of

exhaustion on one side of the piston, better results are

obtained, and a more perfect vacuum, with a "differential"

pressure brake, such as the " automatic " vticuum brake,

than is obtainable in a, reservoir brake like " Hardy's."

2. That, on account of the largo amount of air which has

to be passed through a- limited number of valves, " differ-

ential " pressure hrakos, whether vaccum or high pressure,

must always bo much slower in going "on" and coming

" off " than brakes of the separate reservoir typo.

3. That " separate reservoirs " are most suitable for air

pressure and hydraulic automatic pressure brakes.

4r. That the pressure principle, as oxomplifiod by the

" Westinghouse " brake, is the only ono which has yet

solved the brake question to its fullest extent for trains of

extreme length 2,0(X) feet.

5. That brakes in which a "leak off" hole is provided, to

allow the brake to come "off" without the application of

the " ejector," can only be regarded as nominally complying

with the automatic condition.



Jfutnit OBnigtiiccring.

By HAllVVOOD H. SIMPSON.

{Abstract of Paper read April 17th, 1888.)

|j1 UTIJRE ongineoring depends upon certain require-

-L mcnts of the human race, and upon the carrying out

of the works necessary for supplying those requirements.

First is placed the transmission of the senses or functions

of seeing, hearing, fooling, etc., quickly, almost instantan-

eously, throughout the space of the earth, across botJi land

and water. There is every reason to believe that this will

he done by means of electricity, and its accomplishment

Would be an immense benefit to humanity. Signs are al-

ready transmitted in this manner by the electric telegraph

;

and, owing to late progress, speaking has been carried

on between places five hundred miles apart. Hitherto

electrical engineering has boon a small branch of engineer-

ing
;

it is now a most important branch, and will probably

m the future bo the most important. At present it employs

a. capital of at least £250,000,000, an enormous staff of ser-

vants of all grades, and demands the production of special

materials and machinery ; and when wo think of the exten-

sion of this field (including the production, utilization, and

109
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transmission of light, lioat, and power, to wliicli reference

will be made), wliicli new discoveries and improvements will

cause, there is every reason to look with liopo to the future

of electrical engineering.

The next great requirement is the transmission of solid

bodies at the greatest possible speed through, space, both on

land and water. As greater speed can be obtained on land,

endeavours will be made to utilize it to the greatest extent.

In either case it will bo essential to choose the shortest

possible routes, and this means—by land, the bridging of

seas, rivers, and valUiys, and the tunnelling of seas, rivers,

and mountains—and by water, the connecting seas, rivers,

lakes, and other waterways by means of canals. For the

transmission of heavy weights, when cheapness of carriage,

and not speed, is the greatest object in view, canals are

likely to be made. One great advantage of these works will

be the saving of time and labour through not requiring to

break bulk. It will bo soon that these engineering works

of the future will be of great magnitude and cost, coni-

pensating in this way for the large quantity of less expensive

work of the past. Works of this nature have already boon

completed, such being the Suez Canal, the Mont Ccnis and

the St. Gothard Tunnels, the Tay Bridge, the Brooklyn

Bridge, and the Severn Tunnel, whilst there are in progress

the Forth Bridge, the Corintli Canal, the Panama Canal, and

tlie Manchester Ship Canal. In the case of railways across

waterways, the question as to whether bridging or tunnel-

ling is best will probably not bo settled until several such

works are completed. In the case of tunnels being made,

there is little doubt that electric locomotives will bo used

in the future. Two great works wliich are likely to bo

carried out in the near future are the joining of England

ttud Franco, and also of Scotland and Ireland, by moans of
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tunnels or bridges. Tlio completion of railways to India is

a question likely to bo settled, seeing that the journey from

England could be performed in seven days, or one quarter of

the time it now takes by water. There are several great

Bchomes being advanced for making canals, viz., Mr. Keel-

ing's canal for connecting Birmiugliam and the Bristol

("liniuinl ; a canal from Sheffield to the Humber
;
Mr. Lloyd's

scheme proposes to make Birmingham the centre of a lai'gn

system of canals, with branches to London, the Bristol

Channel, the Humber, and the Mersey. The construction

of these canals will load to great improvements in our

natural waterways. In those future schemes one can

foresee a great field for engineers in all branches ; their

carrying out will require much thought and invention, and

their progress should be watched with interest by young

engineers especially, who should study their requirements

in order to bring to bear upon the practical work their

knowledge and assistance.

Next in order of requirement come the supplying to

communities, both large and small, of water, light, heat, and

power. The extreme dryness of last summer proved our

Water supply to be quite insufficient in a great many places.

Our present supply consists of surface water—containing

impurities of all kinds, and requiring to be filtered—and

Water which has been naturally filtered through various

depths of the earth, and is ready for use. Engineers are

likely to be called upon to substitute the latter supply for

the former
; and this means the reconstruction, at a probably

early date, of a largo number of waterworks. London is

almost wholly supplied with water taken from the surface,

the quantity taken being nearly one-third of the quantity

available. Artificial filtering is liable to failure, owing to

withholding the expense and labour necessary, and it is
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likely to bo given up in tho future. The carriage of water,

by means of pipes, is so easy that we may look forward

to its extension all over the country, and it is to be hoped

also to tho adoption of subways for holding the mains, as

also gas, electric, and other mains, which will abolish tho

senseless custom of constantly breaking up our roads. In

supplying water in dry countries like Australia and South

Africa, there is great scope for engineers, as want of water

is the chief drawback to those countries. One reason why

small works of this description have not been more largely

carried out in this country, has boon the difficulty and

expense of obtaining an Act of Parliament ; but under

the proposed local government there will be greater

facilities, and there seems a prospect of greater activity in

this direction for engineers.

With regard to the future of lighting and heating, tho

electric light is likely to be the light of the future ; and the

oils, fats, and gases now used for lighting will probably be

more advantageously used for heating. The electric light is

making slow but sure progress, the chief reason for its slow

progress being tho want of thoroughness and care in. work-

ing, rather than to any defect of the light. Action is now

being taken to make its use compulsory in public buildings.

Gas is tho chief opponent of tho electric light ; but up to

the present the latter has had no effect in diminishing tho

consumption of gas, owing to the extended use of gas for

heating. Heat produced by electricity is now being used

for welding metals, and. is said to bo tho most jicrfoot

and cheapest way. Lighting and heating are branches of

engineering under-going groat changes, perhaps more abroad

than at home; and the study of those changes is necessary

in this country.

The supplying and transmitting of power to communities
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may be said to belong wliolly to tlio future. The powers

most available are steaan, hydraulic power, compressed air

and electricity. At present those powers are obtained by the

consumption of fuel, chiefly coal ; but the question of utiliz-

ing natural powers for their production, such as wind, tide,

and waterfalls, is part of the future work for engineers.

The transmission of power by steam is limited in distance,

by loss of heat and condensation, to about throe-quarters of

a mile. The drawbacks of hydraulic power are the great

consumption of fuel for the work done, and the great loss

of power through friction in tlie pipes as the distance in-

creases. Compressed air is very difficult to carry for a

distance at a large power. Little progress has been made

in this branch of engineering ; but there is now a possibility

of electricity being the means of accomplishing all that is

desired in this direction. Fifty-liorse power has been

transmitted seventy miles with a loss of only 30 per cent,

by tliis means.

In works of sanitation, comprising the collection, re-

moval, and utilization of all kinds of refuse, there is

mucli to bo done in the future. Tlie principle which

appears to bo the right one, is to utilize this refuse in

enriching and improving the land. One question having

a great bearing upon future engineering, is the production

of wealth from the land progressing and keeping pace with

tlie progress of other industries. The utilization of refuse

on the land would greatly increase its production, and also

to a large extent free our rivers from pollution. Sewage

works carried out on this principle are amongst the most

successful of the great number of different systems.

The future of those branches of engineering dealing with

the production of materials, machinery, and tools, depends

more upon the cari-ying out of the probable great works of
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the future, than upon the requirements of the works already

carried out ; and produoors should think twice before o])pos-

ing those works. Almost as bad as opposing tliom is witli-

hohling support. The Manchester Ship Canal was nearly

killed in this way ; and Bristol's support to that scheme was

practically nil. Yet several Bristol firms are now supplying

materials, machinery, and tools for that groat work. There

are locomotives at work on the canal which have been made

in Bristol ; and the best authority tells me that for materials,

workmanship, and working power they are second to none in

the great number by various makers there. There has been

a tendency of late years to liaston trade by sending out bad

goods, which instead of decaying by fair wear and tear,

quickly come to an end owing to bad material and workman-

ship. To invent and produce something better than its

predecessor, thereby causing a constant change and im-

provement, bringing with it increased business to both

producer and consumer, should bo the aim in future. It

is when the latter way ceases to be used that the former

becomes necessary. Englishmen have in modern times been

the leaders in engineering, and they must endeavour to keep

the lead ;
but this can only be done by their superior know-

ledge and skill, for acquiring which increased facilities

must bo provided in the way of instruction, both tlieoretical

and practical, on the principle carried out by the College in

which we are assembled.

A discussion upon the subject of the paper took place, in

which Messrs. Morgans, McCurrich, Sutcliffe, Cotterell, and

Harvey took part.
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